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SI UD\ OT I HI COMPLEX FORMATION BLI WEI N MLRCURIC 
( Hr ORIDI AND SOI UBI1 (III ORTD1 S BY THE 
1 I EC 1RIC VI ( ONDIK IIVI TY \ 1 E 1 HOD 

Pa) /1 ( m{ k\ ( / lot own curie A ids 
By Vrun K Diyand V k Bhaiiu harts 

Dfpaktmim ci ( iiimisiky, Univi rmiy oi Saicac 
(Re l on z6f/j Ipir/ 1947 ) 

Vbstract 

1 lie complex tot mu ton Between mercuric chlottdc and hjdrochloric 
icid his been imcstigitcd bv the cleaned conductivity method It his 
been concludtd tint the complex compounds, IIU, II Cl 2 , 2 IICI, HgC l 2 
and 4 HCI, Hg( 1 8 exist in solution 

lhe enhanced solubility of mcrcut ic chlotidc in presence of hydio- 
ehlonc acid was noted bv Rose 1 and liter Lc B1 me and Nines’interred 
the formation ot complex ions in solution Various workeis, notably 
Ditte^and Shuill 4 studied the composition of these complexes Numerous 
workers have tiled the isolation md inalysis of the complex compounds, 
but the results obtained aie still not convincing In recent years, Kush 
namuiti®, Braunc and 1 nglcbrecht 8 , and Bernstein and Martin 7 have 
adopted physieo chemical methods for the study of the composition of 
the complexes formed in solution, and their results together with those 
obtained by Nayir and Saraf 8 lead us to believe that in all cases IIHgCk, 
is formed in the solution 
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In this p iper, wt hivt studied this problem from electric, conduc 
tivity measurements* 

1 XPl R1MTN tai 

The electrical conductivity for an M/ioo mercuric chloride solution 
diluted with an equal volume of water was 6 343 x 10 6 mhos at 30° 

The electrical conductivity of hydrochloric cid solutions of different 
concentrations were determined Ihe results are tabulated belov 


lempersture 30° 


Iablp I 


Concentration of hydr >chloric acid solution 


Electrical conductivity 
in 10 1 mhos 


M 10 
M/20 
M 30 

M 1 40 

M/45 

M/jc 

M/60 

M/70 

M/80 

M/90 

M/100 

M/i 10 

M/120 

M/i3o 

M 140 

M/150 

M 160 

M/180 

M/200 

M/240 

M/280 


3788 
1978 
13 14 

9 79> 
8*6oo 

7 564 
6 } 84 

5 <”9 
4 866 

4 3<>2 
3 937 
) <>7° 
3 *89 
2 966 
2 880 
2 646 

2 *49S 
2 120 
2 064 
1*642 
> 369 
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Tabie II 


Temperature 30° 


Tinal conccntiations of the 


Ruio 

FlcctricaJ conductivity 

constituents in the mixture 

HgCl, 

H( 1 

in 10** mhos 

HgCl, 

HC 1 




M/200 

M/10 

I 

20 0 

37 904 

>9 

M/20 

I 

10 0 

19 884 

>9 

M/50 

T 

6 67 

13 224 

99 

M/40 

1 

5 00 

9 989 

y 

M/45 

I 

*4 H 

8 921 

99 

M/50 

1 

4 00 

8 r 20 

• 

M/60 

1 

* 3 * 

6 600 

99 

M/70 

I 

2 86 

5 

99 

M/80 

I 

2 50 

4 9 Z > 

99 

M/90 

1 

2 22 

4 606 

»* 

M/100 

I 

2*00 

4 185 

99 

M/i 10 

I 

1 82 

3 735 

99 

M/120 

I 

T 67 

3 35 5 

>9 

M/1,0 

I 

1 54 

3 012 

99 

M/140 

I 

1 45 

2 937 

*9 

M/150 

I 

1 33 

2 703 

»9 

M/160 

I 

1 25 

2 589 

99 

M/180 

I 

1 IT 

2 202 

99 

M/200 

I 

1 00 

* 173 

>9 

M/240 

1 

0 

00 

1 670 

19 

M/280 

I 

O 71 

1 393 


Discussion 

The electrical conductivity of the mixture in a complex forming 
system depends on the number of 10ns formed by complex formation, and 
also on the respectixe ionic mobilities of the new 10ns Any deviation 
from the additive values may be ascribed to be due to the complex for¬ 
mation. With this criterion, we have in the following table calculated 
the percentage change in electtical conductivities of mixtures of mercuric 
chloride and hydrogen chloride of various compositions, due to the forma¬ 
tion of complex 10ns, 
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Table 111 


Gmiposition of 
the mixture 
HgClj : HC 1 

Sum of the conduc¬ 
tivities of the consti¬ 
tuents in 10- 8 mhos. 

Observed con¬ 
ductivity of 
the mixture 
in 10- 3 mhos. 

Difference 

in 

10- 4 mhos. 

Percentage 

difference. 

1 

20*0 

37*88 

37*9°4 

1*04 

0*28 

1 

10*0 

19*78 

19*884 

1*04 

0*53 

T 

6-67 

13*14 

13*224 

1*84 

1*40 

I 

5*oo 

9*799 

9989 

1 90 

1*94 

1 

4*24 

8*606 

8*921 

3*15 

3*66 

I 

4 00 

7-670 

8 120 

4*50 

5-86 

I 

3*33 

6-390 

6* 600 

2*10 

3-28 

1 

2*86 

5-613 

5-651 

0*36 

C64 

I 

2*50 

4-872 

4-923 

0*51 

1*04 

l 

2*2 2 

4-368 

4* 606 

2-38 

5*45 


2*00 

3*943 

4*185 

2 42 

6*14 

I 

1*82 

3-676 

3*7^5 

0*59 

i*6o 

I 

1*67 

3-30J 

3*355 

0*50 

1*51 

1 

1*54 

2-972 

3 012 

0*40 

i ‘34 

I 

1*42 

2-885 

2 * 9*7 

0*51 

1*76 

I 

i*?3 

2*652 

2 703 

0 61 

1*92 

I 

1*25 

2*501 

2*589 

o*88 

3 * 5 * 

I 

i'll 

2*126 

2*202 

0*76 

3*57 

I 

1*00 

2*070 

2 173 

1 03 

4*97 

I 

0*85 

I 648 

1*670 

0*22 

1B 33 

I 

°'7i 

I 375 

1-393 

O'18 

1*30 


From the results given in table IV, we have plotted a graph show¬ 
ing the change of percentage difference with composition of the mixture. 
It is seen from the graph that the maxima points correspond to the follow¬ 
ing ratios of HgCl a : IIC 1 - i : x ; i : z and i : 4. Thus we have evidence 
of the complex compounds, HgC! a , IlCl; HgCl a , 2HCIand HgCl a , 4HC.I 
in the solution. 

Wc therefore conclude, that the compounds formed by the 
complex formation between mercuric chloride and hydrogen chloride 
are different in composition, depending on the concentrations of the 
constituents, 
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FIXATION AND LOSS OF NITROGKN AND THE SOURCF 

OF SOIL NITROGEN 

By N. R. Dhar 
(Read oh 15 tb September, 1947) 

Russell 1 has reported that the nitrogen content of the soil in wheat 
plot 2 B in Rothamstcd in 1865 was 0.196$ i.e. 4850 lbs. of nitrogen 
per acre and in 19x4 the total nitrogen went up to 0.236$ i.e. 5590 lbs. 
total nitrogen per acre when farmyard manure at the rate of 14 tons con¬ 
taining 200 lbs. of nitrogen were added per acie. From our experiments 
with cowdung we find that the ratio of C : N is 2001 21 : 1. Assuming 
20 : 1 as the C: N ratio of farmyard manure in Rothamstcd, the amount of 
carbon introduced in Rothamsted is approximately 4000 lbs. per acre. 
Our experimental results with nitrogen fixation usmg cowdung as the 
energy material show that when the total nitrogen content of the system 
is 0.180 %, the efficiency i.e. the amount of nitrogen fixed per 1 gm. of 
carbon oxidized is 14.6 milligrams in the light and 7.7 mg. in the dark. 
We have also observed in all our experiments on nitrogen fixation that the 
efficiency falls off as the intitial N content increases. It is expected that in 
Rothamsted where there is less sunshine that the efficiency in sunlight is 
likely to be to mgm. and j mgm. in the dark with a soil containing 0.196$ 
N as in 1865. It appears that out of a total of 4000 lbs. of carbon added 
in the form of farmyard manure, 3000 lbs. may be oxidized per year and 
may fix 30 lbs. of nitrogen per acre per year. In subsequent years when 
the nitrogen content of the soil increases the efficiency will fall off and the 
nitrogen fixation per year may drop down to 13 to 20 lbs. per year. In 
49 years from i86j to 19x4 the average nitrogen fixation or increase 
per year was actually 15.1 lbs. per acre. The same soil contained 0.2210$ 
nitrogen t.e. 3233 lbs. nitrogen per acre in 1893 whilst in 1843, it was 
0.122$ corresponding to 2890 lbs. per acre. Hence the nitrogen fixed per 
acre is 2343 lbs. in 62 years i.e. 37.8 lbs. pet year. In Woburn using 100 
lbs. of nitrogen in the form of farmyard manure to a field containing 
0.136$ nitrogen upto 1888 the total nitrogen increased to 0.171$ in the 

6 
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tears from 1876 to 1888 This experiment, therefore, shows a gain of 13 
ibs of nitrogen per year 

On the other hand, when 4 3 lbs of nitrogen as ammonium sulphate 
were added with minerals the soil nitrogen which was o 122% / e 2890 
lbs per acre in 1843 fell to o 1107% 1 e 2629 lbs per acre in 189* Ni 
tiogen added in the form of manures in jo years was 2150 lbs and the 
ciop took up 40 lbs per ycai Rain and seed supplied 350 lbs in 50 
years lienee there is a dead loss of 760 lbs in jo years / e 15 5 lbs 
per \cu even when minured with 43 lbs of nitrogen per year in Rothams 
ted On the addition of 86 lbs of nitrogen per year the soil contained 
0119^ ti 2818 lbs per aeie Hence the loss from the soil is 72 lbs 
of nitrogen in 50 ycirs during which perioc 4300 lbs of nitrogen were 
added as ammonium sulphate and the crop consumed 44 lbs per year /1 
2 200 lbs in jo vears Rain water and seed also supplied 350 lbs Hence 
the dead loss in this case is 50 5 lbs per year Moreover on the addition 
of 129 lbs of nitrogen is ammonium sulphate per yeai the soil nitrogen 
rose to 0129^ le 3055 lbs per acre 101893 whilst in 1843 it was 
o 122% Hence in this ease the gain in soil nitrogen is only i6j lbs in 
jo years The manure added 64J0 lbs and rain and seed another 3jo 
lbs Hence the total added nitiogen is 6963 lbs out of which the crop 
took 46 lbs per acre per yc ir / e 2300 lbs in jo years In this case on 
the addition of 29 lbs of nitiogen is ammonium sulphate, the dead loss 
in jo years is 4318 lbs 11 93 lbs per acre per year 

On the other hand in the unmanured plot the nitrogen content in 
1893 was o 0990$ /1 2343 lbs per acre whilst the original nitrogen was 
o 122^ t e 2890 lbs per acre Hence in this ease the fall m nitiogen in 
the soil in jo years is 34s Ibs 1 he crop was using 17 lbs per acre 
Hence the nitrogen balance is as follows — 

Taken up by the crop Rain water and seed Difference 

8jo lbs 330 lbs joo lbs 

whilst the soil lost 34 j lbs Hence the dead loss is only one pound per 
year per acre 

It is clear, therefore, that when about 100 lbs of nitrogen are added 
in the form of ammonium sulphate even in England more than 60 lbs is 
lost without benefit to the crop or the soil and the majority of the nitrogen 
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added is lost. In Indta the loss is certainly greater as our experiments 
with ammonium sulphate reveal. 

If intensive cultivation is done and if the soil nitrogen has to he 
maintained at a steady level we should be prepared to add nitrogen as 
ammonium sulphate to the extent of ioo lbs. of nitrogen per acre for a 
good crop yield but about zjitd of it may be lost as gaseous nitrogen. 
This loss is mainly due to the formation and decomposition of the unstable 
substance ammonium nitrite in the processes of ammomfication and nitri¬ 
fication, which arc oxidation reactions. 

Russell and Voelckcr 8 have emphasised that in Woburn experiments 
there were residual effects even of ammonium sulphate and sodium nitrate, 
although this has not been observed in Rothamstcd. These observations 
can be readily explained from the viewpoint that when sodium nitrate, 
ammonium sulphate or any nitrogenous matte: is added to the soil the 
crop will obtain their nitrogen requirements from these manures and not 
from the soil as happens when crops are grown in unmanured fields. 
Moreover, as there is more crop in the manured fields, the plant residues 
left in the fields after harvesting arc larger in amount than in unmanured 
fields and hence more nitrogen fixation is possible in manured fields than 
in the unmanured ones. In foregoing pages it has been stated that when 
ammonium sulphate at the rate of 43 lbs. 86 lbs. and 129 lbs. per acre 
has been added annually the nitrogen content of the soil after harvesting 
the crop is greater than in the unmanured field and hence the crop pro¬ 
duced in subsequent years will be larger in the former ones even with¬ 
out application of manure than in the latter. This is supported by the 
Rothamsted results showing that the total N content of the unmanured 
field is o’o<))% against 0*099^ using artificial manures. 

It is well known that the chief object of starting the Woburn experi¬ 
mental station was to test experimentally whether the dung obtained from 
animals fed on decorticated cotton cake has better manurial value on soils 
than the dung obtained from corn feeding. After jo years experiment 
Russell and Voelcker 3 stated as follows: 

“ A review of the results forces one to the conclusion that the experi¬ 
ments have entirely failed to show any marked superiority of cake feeding 
over corn feeding on this soil ”. 
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These unexpected results have not yet been explained by the workers 
in Rothamsted or Wobuin but will be quite clear from the following 
consideiations 

In the Woburn experiments in the cake 45 lbs of NII 3 t e 37 lbs 
nitrogen were added per acre, whilst with corndung 18 lbs NH a added 
te 14 8 lbs nitLogen were added 

Now if we take C N ratio in corndung as 30 then the carbon added 
is 444 lbs per acre, out of which approximately i/4th t e in lbs lemams 
in the soil Then about 330 lbs of carbon is oxidised m the soil per year 
This may lead to a fixation of 6 lbs of nitrogen Htnce the total 
nitrogen in the corndung is 6 + ij lbs = 21 lbs per acre I\cn if we 
assume that the C N is 20 1 in corndung,thc carbon added is 296 lbs per 
acre and if ijo lbs are oxidised yielding 2 lbs of fixed N and making a 
total of 17 lbs of nitrogen per acre The soil contains nearly o 136% / e 
3500 lbs total nitrogen and hence the tot 1 nitrogen in the cake dunged 
field is 3300+ 37 lbs =3J37 lbs and in eorndunged field is 3500 + 21 lbs a> 
3521 lbs. per acre If we assume that about of the total nitrogen is 
in the available form, then the available nitrogen becomes 70 7 lbs per 
acre in the cake dunged field and 70 4 lbs in the eorndunged field and 
thus the crop should be identical 

E en when the total nitrogen < f the soil drops to o 093^ after conti 
nuous culm ation, the total nitrogen in the sell becomes 2082 lbs per 
acre and if 1 0 / is in the available form then the available nitrogen 
becomes 41 6 lbs per acre But if we ldd the cake dung or com dung, 
the total nitrogen in the lake dung becomes 2082 +37 lbs = 2119 lbs 
making 42 4 lbs available nitrogen per acre, whilst with com, the total 
nitrogen and available nitrogen become 2103 lbs and 42 lbs lespectivcly 
This also should produc c the same crop On the other hand, if nitrogen 
is added in the form of ammonium sulphate or sodium nitrate instead of 
the cake the position becomes different atonic as will be evident from the 
following lines — 

The original available nitrogen present in the soil is 70 lbs per acre, 
whilst the available nitrogen added is 37 lbs (equivalent to the cake 
dung) and this makes 107 lb* per acre, whilst with com dung equivalent 
of nitrogen added as ammonium sulphate or sodium nitrate, the total a\ai- 
F * 
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lable nitrogen comes upto 70 + ij lbs = 8j lbs These amounts of avai¬ 
lable nitrogen should produce better crops than with dung, mote so with 
the first case than in the second but both the crops should be better than 
with dungs This is corroborated by the Woburn experiments 

Solrcf or Soil Nitrogfn Compounds 

According to Hall 4 leguminous plants or rather the bacteria with 
which they arc associated arc probably the original source of world’s 
stock of combined nitrogen Russell® has stated “In England they had 
established that the source of nitrogen in the soil was leguminous plants 
But in the arid regions of US \ they failed to get clear evidence of 
fixation by leguminous plants ’ On the other hand Dhar* has emphasi 
sed that the nitrogen status of a soil is permanently increased by the addi¬ 
tion of cow manure (farmyard manure) or other carbonaceous substances 
e molasses, leaves, hay etc which are oxidised in the soil c using 
nitrogen f xation but not by legumes which do not leave a residual effect 
on the soil for long The sources of soil nitrogen is this fixation of 
atmospheric nitrogen ind the added nitrogenous matter present in plant 
residues 

This conclusion of Dhar is supported by the following classical 
observations made at Rothamsted and Woburn The Hoos field (Rotham 
sted) experiments with red clover were continued from 1849 to x ®77 
during which clover was sown 15 times but only produced a crop in 
seven years This land was divided into a number of small plots from 
1878 and sown with various leguminous plants like lucerne, peas, beans, 
\ etches etc At first a fair growth of some of the plants was obtained 
on the land which had ceased to carry red clover but in later years there 
were repeated failures of growth The land got very foul and m a poor 
mechanical condition Hence in 1898 the greater part of the land was 
sown with wheat without manure and the result showed that the legumi 
nous crop left residual nitrogen in the soil but this residue was rapidly 
exhausted and after five years there was hardly any effect left It appears, 
therefore, that the continuous growing of leguminous crops is a difficult 
busuiess and the residual effect lasts for a short time On the other hand 
the residual effect of farmyard manure is far more permanent Thus one 
of the permanent barley plots in Rothamsted received 14 tons of farmyard 



FIXATION AND LOSS OT NITROGEN 


II 


manure containing 200 lbs of nitrogen per year from 1832 co 1871 It 
was then divided into two plots one of which received no manure of any 
kind, and the other continued to receive farmyard manure The produce 
in the barley plot on the half receiving no manure since 1872 was double 
of that obtained from the continuously unmanured plot even after 30 
years In Rothamsted experiments with hav, farmyard manure was 
applied for the first 8 years at the rate of 14 tons per acre The applica 
tion was discontinued but the beneficial effects lasted for 40 years 
Similar lasting residual effect of farmyard manure has been reported in the 
Woburn experiments 7 Moreover, a plot of land in the Gecscroft field 
(Rothamsted) covered with grass without any leguminous plant showed 
an increase in nitrogen from o 108 to o 145 % in 20 years / e 44 lbs of 
nitrogen per acre per annum lhe following results were obtained on 
Broadbalk plots to which ammonium sulphate was annually added since 
1844 and sodium nitrate since 1832 The original nitrogen in the soil 
was probably o 122^ 

Ammonium Sodium Firmyard 

sulphate nitrate manure 

Nitrogen added per acre in lbs None 43 86 129 43 86 200 

Nitrogen in soil U in 1914 0104 om 0119 0129 0116 0115 0236 

It appears therefore, that there was deterioration of soils with 43 lbs 
and 86 lbs but with 129 lbs nitrogen added as ammonium salt or 
nitrate the nitrogen of the soil remained practically stationary, whilst 
farmyard manure which can fix atmospheric nitrogen improved the soil 
status markedly Leguminous crops with a C/N ratio of about 12 to 13 
adds total nitrogen temporarily and this is nitrified fairly quickly and 
the available nitrogen thus produced is partially absorbed by the crops 
and partially lost as nitrogen gas In this respect they resemble artificial 
farmyard manure (compost) Because of the presence of carbonaceous 
compounds in the leguminous crops the nitrification of the nitrogenous 
compounds is retarded to a certain extent and hence the residual effect 
may last for 2 to 5 years whilst with ammonium oalts there is hardly 
any residual effect even in the second year Farmyard manure, however, 
with a C/N ratio of 20 or more has been found to fix atmospheric 
nitrogen and the carbonaceous compounds in farmyard manure preserve 
the soil nitrogen from rapid nitrification and loss by acting as negative 



12 


N. R. DHAR 


catalysts in the ammonication and nitrification processes, which are oxi¬ 
dation reactions and the residual effect may last for a very much longer 
period. The leguminr us crops are plants cf a vciy special \aricty and 
have to be aided by bacillus radicicola or other symbiotic bacteria for 
nitrogen fixation. These plants and bacteria do not occur m all soils. 
Hence it is difficult to assume the presence of these plants and bacteria 
in newly formed soils where nitrogen fixation takes place readily and this 
process may be a phystcc-chemical and ncn-biological reaction aided by 
light absorption. At a laiet stage in the evolution of the soil, Azoto- 
bacter and bacillus radicicola with legumes tray appear and help in the 
soil enrichment. The recent report of Keen 8 that the residual effect of 
artificial manures in Cyprus is more pronounced than organic manures 
is contrary to the experiences in India, (cylon. South Africa, French 
Morocco and Greece but his observations on the additions t»f organic 
matter to tropical soils arc explicable from the viewpoint advanced here. 

Summary 

(1) Experimental results on manuring show that ammonium sulphate 
or sodium nitrate only improves crop pioduction but docs not increase 
soil fertility and the total nitrogen content of the soil. When 100 lbs. of 
nitrogen per acre of arable land are added as ammonium sulphate almost 
6 j lbs. are lost without benefit to the soil or crop. 

(2) Cow dung, farm yard manure, leaves, molasses, hay etc. contain¬ 
ing carbonaceous compounds not only fix atmospheric nitrogen and 
enrich the soil but act as a preserver of the nitrogenous compounds by 
functioning as negative catalysts in the processes of ammonification and 
nitrification, which are oxidation reactions. The loss of soil nitrogen is 
mainly due to the rapid nitrification of nitrogen compounds with the 
formation and decomposition of the unstable substance ammonium 
nitrite. Hence organic manures improve crop production and also the 
fertility of the soil permanently. 

(3) It appears that the source of the world’s stock of combined 
nitrogen in the soil is the fixation of atmospheric nitrogen by the oxida¬ 
tion of carbonaceous compounds present in the organic manures and the 
added nitrogenous compounds present in the plant residues. Farm yard 
manures leave beneficial effects on soils for 30 or even 40 years after fheir 
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addition, whilst legumes can have residual effect for not more than fix e 
vears. 
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OXIDATION OF EDIBLE SUBSTANCES BY HYDROGEN 
PEROXIDE WITH IRON AS CATALYST 

By N. R. Dhar and B. V. S. Raghavan 

(Read on ij tb September , 1947) 

Edible substances like fats, carbohydrates and proteins are easily 
oxidized in the animal body. In normal health slow and simultaneous 
oxidation of food materials containing fats and carbohydrates and proteins 
takes place but in diabetes glucose, which is the chief energy material 
under normal conditions does not take part in the oxidation. Hence the 
oxidation of the other materials like proteins and fats has to be hastened 
in the human body and this produces acetone bodies harmful to the 
system. 

In this laboratory Chakravarti and Dhar 1 carried on experiments 
with hydrogen peroxide as oxidising agent in presence of ferric salt as a 
catalyst and in this paper our observations and results arc recorded in 
extending the same line of investigation with other food materials. 

Experimental 

(a) o.j gr. of the organic substance was mixed with jo cc. water to 
which 10 cc.fof irz vol. hydrogen peroxide were added with Icc. of ferric 
sulphate, containing 0.00 j gr. of iron. The mixture was kept at 50° for 
60 hours. Then it was distilled and to the distillate which was free from 
hydrogen peroxide, xo cc. of N/10 caustic soda and 10 cc. of N/10 iodine 
were added and was set aside for xo minutes and the amount of iodine 
used up was estimated. 

(b) o.j gr. of oil and o. j gram of dextrose were taken and ij cc. of 
carbon tetrachloride were added. Then jo cc. of a mixture containing 
equal volums of j % alcoholic iodine and 6 % alcoholic mercuric chloride 
which were mixed a day before were added to the oil and dextrose mixture 
which was left overnight and the amount of iodine used up per ioo gr. 
of oil was estimated. 

*4 



OXIDATION OF EDIBLE SUBSTANCES BT HYDROGEN PEROXIDE IJ 

(c) o j gr of oil was taken and io cc of hydrogen peroxide and lee 
of the same ferric sulphate solution and jo cc of water were added to the 
oil and this mixture wis kept at jo° tor 60 hours Then it was distilled 
free from hydrogen peroxide and the residue was treated in the manner 
described in (b) The difference between (b) and (c) gives the amount 
of oil oxidised in terms of iodine A <mall correction has to be applied 
for the amount of iodine taken up by dextrose in (b) and with o j grm 
dextrose o 02 gram of iodine was absorbed 

It was observed by Dhat and collaborators®* and by Moureu 
and Dufraisse 4 that the slow oxidation of substances is retarded by 
reducing agents which usu illy undergo oxidation along with the primary 
change 

Not only fats and proteins produce compounds of aldchydic and 
ketomc nature but the carbohydrates as well The explanation is not far 
to seek The carbohydrates on oxidation gi\ e rise to glyceric aldehyde 
and laetie acid and these produce acetaldehyde® The higher fatty 
acids gradually undergo oxidation to compounds containing smaller 
amounts of carbon by f} oxidation® and finally to butyric acid which may 
give rise to acetone bodies Proteins hydrolyse and gi\c alanine and 
other amino acids These in turn produce acetaldehvdc and other aldehydic 
bodies 

Oxidation of sodium tartrate, sodium citrate, sodium oxalate, sodium 
acetate, butter, ghee, gingeli oil, castor oil, cocoanut oil, groundnut oil, 
mustard oil, lictic acid, stearic acid, sodium palmitate, sodium oleate, 
yellow of the egg, white of the egg, and dextrose was studied and also 
the effect of varying the amount of dextrose from o j, i, i j, to 2 grs 
A glance at the t ble no 1 shows that sodium tartrate tops in the list 
in the formation of acetone bodies when it is individually oxidised stable 
no 1, column no 2) with hydrogen peroxide Then come palmitate and 
oleate, dextrose, and ground nut oil Ground nut oil and dextrose are 
comparable m their oxidisability When oxidised alone yellow of the 
egg, butter, ghee give small amounts of acetone bodies (o ozgr) stearic 
acid gives the least amount of acetone bodies (o oojgt) Yellow of the egg 
gives greater amount of acetone bodies than the white (00199 against 
o oi4igr ) 
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Table i 

Amounts oj acetone /oodles got (in terms of iodine) with o*j gr 
substance + carljolydrate. 


I 

2 

} 

4 

5 

6 


Acetone 
bodies with 
H t O, only 

Acetone 

Acetone 

Acetone 

Acetone 

Substance. 

bodies with bodies with 
HjO, +o.5gr H. O.+ igr 

bodies with 
H.O, -f i.j 

bodies with 
H *°t+ a g ts 


Dextrose 

Dextrose. 

grs Dextrose, 

Dextrose. 

Sodium tartrate. 

0.1709 

0.0034 

0.0072 

0 0093 

0.0098 

Sodium palmitate. 

0.1370 

0.0039 

0.0059 

O.OO79 

0 008 

Sodium oleate. 

0.1094 

0 0052 

0.0073 

0.0092 

0.0097 

Sodium acetate. 

0.0976 

0.0046 

0.0092 

O.OI1I 

0.0113 

Sodium citrate. 

0.0939 

0 0081 

0.0123 

0.0141 

0.0144 

Sodium oxalate. 

0 0893 

0.0116 

0.0152 

0.0171 

0.0171 

Dextrose. 

0.0765 

• • • ■ 

• 1 • • 

• M k 

*«• * 

Ground nut oil. 

0.0720 

0.0214 

0.0234 

O 0251 

0.0269 

Cocoa nut oil. 

0.024 

0.0059 

0.0069 

0.0079 

0.0079 

Lactic acid. 

0.0204 

0.0069 

0.0069 

O 0079 

0.0079 

Mustard oil. 

0.0204 

0.0073 

0.0073 

0.0082 

0.0079 

Castor oil. 

0.0204 

0.0039 

0.0047 

O 006 

0.0074 

Yellow of the Egg. 

0.0199 

0.0041 

0.0047 

0.006 

0.0074 

Butter. 

0.0157 

0.0059 

0.0067 

O OO67 

0.0079 

Ghee. 

0.0153 

0.0067 

0 0059 

0.005 2 

0.0079 

White of the Egg. 

0.0141 

0.0061 

0 0063 

0.0071 

0.0074 

Gingcli oil. 

0.0139 

0.0067 

0.0067 

0.0073 

0.0079 

Stcancacid. 

0.0059 

0.0067 

0.0052 

0.0073 

0.0079 

Then o.5gr. of each 

of the above substances 

was mixed with o.jgr. 


of dextrose (table no i, column 3). Sodium tartrate which gives the 
maximum amount of acetone lxidics in the 2nd column now produces 
minunum amount (o.oo34gr against 0.1709gr) In this scries of experi¬ 
ments ground nut oil gives the maximum amount of acetone bodies 
(0.0214gr.) Ghee, butter, mustard oil give acetone bodies of the order 
of about (o.oo8gr). Hence the marked effect of dextrose in lowering 
the formation of acetone bodies. 

For example taking the minimum case in column 3, table no 1 vi%. 
o.jgr. of dextrose and o.jgt. of tartrate give o.oo34gr. of acetone bodies 
while they ought to give 0.0765 + o. 1709 = o.2474gr had there been no 
retardation. 

The effect of increasing the amount of dextrose from 0.5, 1, rj, to 
a grs. was also investigated (table 1 columns 3, 4, j,6). The amount of 
acetone products formed rises with the increase in the amounts of dextrose 
(upto i.jgr. of dextrose) in the case of sodium tartrate, palmitate, citrate 
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namely with substances which give high amounts of acetone bodies when 
they arc individually oxidised with hvdrogen peroxide With slowlv 
oxidisable substances like butter, ghee changing the amounts of dextrose 
has relatively smaller effect 

The mixed oxidation of fat, eubohvdratc and protein was also studied 
(table 2) In this senes of experiments dextrose and fit together were 
mixed with the white of the egg or yellow of the egg and the effect was 
studied With white the maximum amount of acetone bodies is piven 
by sodium tartrate (00134.gr column 2 table 2) and the minimum with 
lactic acid (o oo68gr ) Ghee and butter give about o oo8gr With the 
yellow of the egg the maximum is gi\en by tartrate o 0041 gr and the 
minimum by butter, ghee, and mustard oil (column 3 table 2) Here also 
the decrease of the acetone bodv formation in the mixed oxidation of 
fats and proteins and carbohydrates is apparent From the table we 
can see that the amount of acetone bodies got by the yellow of the 
egg is much smaller than the acetone bodies given by the white (the ratio 
is about 1 3) 

Table 2 

Amounts of acetone bedits got in terms of iodine m tie m/\ed o\fdat/on 

of o ) gr Fat + o 5 gr protein + o j (/ Destrose 

\cetone bodies Acetone bodies 
with o jgr with o jgr 
Substance Dextrose + Dextrose + 

o 5 white ot o 5gr of yellow 



Cgg 

of egg 

Sodium tartrate 

O 0134 

0 0041 

Sodium palmitate 

O OIJI 

0 0039 

Sodium oleate 

0 0130 

0 0041 

Sodium acetate 

O OI 2 J 

0 0041 

Sodium citrate 

0 009 

0 0034 

Sodium oxalate 

0 0099 

0 0041 

Ground nut oil 

0 OIO 

0 0039 

Lactic acid 

0 0068 

0 0024 

Mustard oil 

00073 

0 0023 

Castor oil 

0 0093 

0 0023 

Butter 

0 0079 

0 0023 

Ghee 

0 0079 

0 0027 

Gmgeli oil 

00093 

00059 

Stearic acid 

0 0084 

0 0039 

Cocoanut oil 

0 008 

0 0031 
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By the iodine value determinations it was studied whether when a 
fat is mixed with a carbohydrate it is undergoing retardation or not 
(table 3). From the table of iodine values the difference in the values in 
the columns 2 and 3 gives the amount of oil oxidised and the difference 
of the values in columns 5 and 3 gives the amount of retardation. 


Table 3 

Iodine values etc. in the Oxidation experiments ptrformed. 


I 

2 

3 

4 

3 

6 

Amount re¬ 


Iodine used 

Iodine used 

Amount of 

Iodine used 

tarded in 


up per 100 grs per too grs. 

oil oxidyzed 

up per 

terms of 


of oil after 

of oil 

in terms 

100 grs. of 

iodine (after 


correction for 

with H a O t 

of 

oil + H a O, 

correction 


dextrose. 

only. 

iodine. 

-f Dextrose. 

for 

dextrose). 

Castor oil. 

85-1 

69*1 

16 

7 j *2 

4*12 

Cocoanut oil. 

9 * 1 2 3 4 

fit 

7**9 

**45 

1*26 

Ground nut oil. 

73*9 

18*4 

55*5 

53**3 

a 5*47 

Mustard oil. 

100*4 

83*2 

17-2 

88*2 

5*01 

Butter. 

30*1 

17*8 

12*3 

21*2 

3 * 4 * 

Ghee. 

29*5 

17*4 

12*1 

20*7 

3 * 3 * 

Gingeli oil. 

109*6 

96-3 

3*3 

ioo*6 

43 ** 



Conclusions 




1. Ground nut oil appears to form as much of acetone bodies as 
dextrose. 

2. The amount of acetone bodies obtained in the mixed oxidation 
of either fat and carbohydrate or fat, carbohydrate and protein is much 
smaller than the sum of the amounts of acetone bodies which each gives 
rise to individually. 

3. With substances which form large amounts of acetone bodies 
when individually oxidised the amount acetone bodies formed tend to 
rise with increasing amounts of dextrose. With slowly oxidisable subs¬ 
tances like ghee, butter etc. rise in the amount of dextrose has not much 
effect. 


4. Yellow of the egg generates 1/3 the amount of acetone bodies 
which the white gives in the presence of carbohydrate and fat. 
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These results are in general agreement with those obtained pre¬ 
viously in this laboratory. 
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INVESHGUIONS ON NICKEL AMMINI S 
Part i halation <f Ni kel Am mine Ibiocyanatis 
By C S Shaw and S Ghosh 
Physical Chemistry I aboraiory, Allahabad Univtrsity 

Abstract 

Two new methods of preparation of Ictn ai d In ammonnte nickel 
thiocyana c h ve been described 

Introduction 

It is well known that a solution of ammonium hjdrc xidt when added 
to cobalt nickel and copper salt solutions gives a precipitate of the 
hydroxides < f these metals which dissolve in an excess of the reagent 
forming complex ammines 

A large number of cobalt 1 and copper* ammines have been investiga 
ted by numerous workers Some complex ammines of nickel salts notably 
those of nickel halides, nitrates, sulphate and phosphate, have also been 
isolated. 3 

The picsent investigation has been undertaken in order to find out if 
there exists any co relation between the composition and properties of the 
various nickel ammines with those of cobalt and coppci 

Nickel thioevanate tetra ammomate Ni (CNS'tj 4NH, was hrst men¬ 
tioned by Mei/endroff* Bohan® howevci found that Mcirendroff’s 
compound corresponded to nickel thiocyanate tri ammomate He further 
prepared nickel thiocyanate aramomates with a, 3, 4, and 8 mols of 
ammonia A til ammomate has also been mentioned by Peter* 7 

The method of preparation of the tetra ammomate compound used 
previously was by adding an equi\ alcnt amount of ammonium thiocyanate 
solution to a hot saturated solution of nickel sulphate, then adding 
ammonia solution till there is a strong smell of ammonia This solution 
when left for crystallisation, yielded the tetra ammomate compound 

In this paper two new methods of isolation of ihe tetra and the tri 
ammomate nickel thiocyanate have been described 


20 
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Experimental 

The sulphate ion, from nickel sulphate was first removed from a 
mixture of a nickel sulphate solution containing ammonium thiocyanate, 
by adding requisite anounts of barium h\drr\ide solution and simultane¬ 
ously adding excess of ammonium hydroxide solution The insoluble 
barium sulphate was then filtered out and the filtrate set apart for crystalli 
sation 

It was found that the ammonia escaped any quickly and unless the 
solution was very concentrated it had a tendency to hydrolyse Tn the next 
attempt therefore, nickel thiocyanate was prepared nd simultaneously 
converted to the ammine a mplcx by treating a mixture of solid nickel 
sulphate and barium thiocyanate with tr neentrated nrnona solution 
The method of obtaining nickel thiocyanate depended on the formation 
of this compound by the interaction of barium thiocyanate and nickel 
sulphate in the rtaction mixture when barium sulphate separated out 
The nickel thiocyanate then reacts with ammonia to gi\e the ammine 
complex 

To a weighed qu intity of nickel sulphate (N1SO4 7H t O) an equivalent 
amount of barium thiocyanate was added m the 'olid state. To this, a 
measured volume of concentrated aqueous ammonia olution was added, 
the precipitated barium sulphate filtered off and the filtrate was set apart 
for crystalhation at a room temperature (30°) After leaving it over night 
crystals were found to have been formed These crvstals were separated, 
dried quickly by pressing Letwetn layers of filter paper and in order to 
avoid loss of ammonia from the crystals, the y were kept in a well corked 
glass tube in a dessicator failed with ammonia vapours, over lime 

It was found that a good yield of the crystals could be obtained by 
using at least 1/10 th molar quantity of nickel sulphate, an equivalent 
amount of barium thiocyanate and atleast y< 60c s of approximately 11 
M ammonia solution With a more dilute solur on of ammonia the 
filtrate, hydrolyses on standing 

Nickel in the crystals was estimated as the dtmethvlglyoxime com¬ 
pound, ammonia by the Kjeldhals’ method and thiocyanate by the Volhard 
method 
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The analytical results found 

Nickel Thiocyanate Ammonia 
24 20 47 67 27 68 

to be 1 2 Water 
of crystallization 
absent Hence 
Molecular for 
mula Calculated 
Ni(CNS)* 4NH, 


Rauo 

Total Ni NH, 
99 5 5 1 3 97 i 


Molecular 

formula 


The ratio 

f'N £ wo 


of Ni 

e fnnnil 


Calculated *4*9% 47 7*/ *7 99% 10000/ 

The tetra ammonntc compound thus obtained by us, smells very 
slightly of ammonia Has a saphire blue colour with violet tinge The 
surface laver of the salt ^raduallv tarnishes when exposed to air because 
of the loss of ammon/a The salt is soluble in ammonia solution giving 
a greenish blue, blue and violet blue solution, depending on the increas¬ 
ing concentration of ammonia 

It will be seen that in the method described above the ammonia 
compound that ciystalhzes out is mainlv the tetra ammoniate nickel 
thiocyanate, provided precautions are taken to avoid the loss of ammonia 
from the crystals The seccnd crop of crystals from the above which we 
expected to be a lower ammonia containing compound, when analysed 
proved to be a mixture of tetra and lower ammonia containing compounds 
for obvious reasons Any attempt to prepare pure lower ammonia 
containing nickel thiocyanate ammoniates, by the same method, by using 
more dilute solution of ammonia proved fruitless, because of the hydro 
lysis that occured during crystallization Hence another method was 
adopted for the preparation of these complexes by taking nickel carbonate 
and ammonium thiocyanate as the starting material 

For this, a sample of Merck’s nickel carbonate (basic) was taken and 
its nickel content estimated To a weighed quantity of nickel carbonate 
i/ioth molar, joccs of fairly concentrated solution of ammonium thiocya¬ 
nate (approximately 60% solution) were added, the solution warmed when 
there was a vigorous effervesence with the evolution of carbon dioxide 
and some ammonia The solution was filtered and set aside for crystalliza¬ 
tion at a room temperature (26 e ) when small blue crystals separated out 
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after some time The crystals were dried by pressing between lavers of 
filtcrpaper and krpt in a well corked glass tube 
The analytical results found arc 


Total Analysis 

Nickel Thiocyanate Ammonia Total 
26 2 50 89 21 89 98 98 


Ratio 
Ni NH, 


Molecular 

Formula 


1 2 900 The ratio of Ni 

CNS was fou¬ 
nd to be 1 j 2 
Water of cry 
stayllization 
absent Hence 
molecular 
formula 
Ni(CNS), iNHg 


Calculated 2611% 5132% 2217/ 10000 

The triammoniatc compound thus obtained by us does not smell 
of ammonia Has a blue colour and docs not tarnish for some time when 
exposed to air The salt is soluble in moderately concentrated ammonia 
solution giving a greenish blue solution, but hydrolyses like the tetra 
ammoniate compound in aqueous solution with the precipitation of nickel 
hydroxide 

Conclusion 

More work is in progress to isolate pure sample of higher ammme 
compounds of nickel for a complete study of the various nickel ammine 
complexes 
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STUDIES IN THE PRODUCTION OF YEAST 


By N. R. Dhar and Krishna Bahadur 
Chemical Laboratory, Allahabad University. 

Pastcut in his classical researches on ‘Fermentation* described this 
phenomenon as ‘Life without air (La vie sans Pair)' because the chemical 
change involved in fermentation is as follows:—C # H 12 O a = 2 CO2+ 2 
CjH 6 OH+ 2jK Cals and free oxygen does not take part directly in the 
process. 

In ordinary fermentation of sugars into alcohol Pasteur was the first 
to demonstrate that yeast can live in the presence of only small traces of 
oxygen. Since the growth of yeast is abundant in the process of fermen¬ 
tation and the small amount of oxygen present is used up rapidly, it can 
be assumed that the greater part of the development of yeast can take 
place in the absence of free oxygen. The energy requirement of the yeast 
is met with by the heat of the reaction as stated above. 

We have carried on numerous experiments on the production of yeast 
by using different energy materials and have found that yeast can grow 
vigorously using even alcohol and starch as energy materials specially 
when air is passed. 

In our experiments on the growth or yeast (Torula variety contain¬ 
ing 6.8 % N and 22.8 %C.) we have used analytically pure starch of 1% 
strength and have passed a current of air. The temperature was 
maintained a* 30°; without passing air hardly any growth of yeast is 
observed. 

Similarly we have obtained a vigorous growth of yeast by passing 
air in dilute solutions of alcohol. In this reaction the presence of any 
carbohydrate is not essential. The dilute alcohol,without any other energy 
material is slowly oxidized by air in presence of yeast and supplies energy 
according to the following equation :— 

CjH 5 OH + jOj = 2 COj+3 HjO + 325, K. Cals, and a part of the 
alcohol seems to be assimilated by yeast for building its body materials. 
We believe that the same thing happens with starch. By passing air, 

*4 
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we have been iblc to grow yeast e\en in solutions or suspensions 
of glycerol, gelatine, oils, urea, ammonium sulphate, microcosmic salt, 
sodium nitrite, sulphur sulphite, thtosulphitc, ferrous oxide, metallic 
aluminium /inc, space cobalt, iron etc used as food materials 

India being chiefly as yet an agricultural country has an abundant 
suppl) of raw materials for yeast manufacture e g , rice, barley, maize, 
wheat and potatoes, molasses etc Another raw material on which so 
far no attention has been paid is toddy With the coming of prohibition 
in the country, toddy may become a useless product Fresh samples of 
toddy have been analvsed in these laboratories and wtre found to contain 
approximately 134 gms of sugar per 100 cc of fresh toddy which yielded 
1 25 gms of yeast without passing air 

The effect of nitrites and phosphates of sodium potassium and ammo 
mum on the growth of the Torula variety of yeast ha\e been studied It 
has been observed that ammonium nitrate increases the yeast growth, 
sodium phosphate has also a beneficial effect while potassium 10ns have a 
slight toxic effect on the growth of yeast The effect of negative 10ns 
like acetates, chlorides, sulphates etc , on the growth of yeast and alcohol 
formation have also been investigated It is found that the presence of 
an excess of sulphate 10ns in the culture decreases both alcohol and yeast 
formation Acetate ions favours yeast formation but retards alcohol 
production, while chloride ion favours alcohol formation but retards yeast 
generation In the control experiments the yield of yeast was 10 i% 
of the sugar fermented and it increased to uoj^ if acetate 10ns were 
present and decreased to 9 75 % if sulphite 10ns were present Small sugar 
concentrations were found favourable for yeast growth while at higher 
concentration there is a tendency for alcohol production m larger quantity 

The effect of toxic substances on the growth of yeast and alcohol 
production has been studied — 

As, 0 3 , CuS 0 4 , Sb, (SOJg, Fe S 0 4 and Mg SG 4 letard the growth 
of yeast but ZnS0 4 in low concentrations accelerates the yeast growth 
while in higher concentrations retard it 

The effect of light on the growth of yeast has also been studied and 
it is found that diffused light is beneficial for the growth of yeast 
F 4 
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Very interesting results have been obtained by growing yeast by 
passing air in medium containing small amounts of alcohol or starch and 
necessary inorganic salts in the complete absence of sugar:— 


Medium 


Grs. yeast 
produced 


750 c.c. bf culture medium containing 7 5 gms. alcohol 3.7188 

750 c.c. of culture medium containing 7 5 gms. of starch 2*156$ 


Tempt. 25 $o* 

Yield of yeast 
on the wt. of 
alcohol or 
starch 
$6.2 j% 
*8.7 j% 


It is obvious that the energy liberated by the oxidation of alcohol 
and starch which are exothermal reactions, is utilized by the yeast for its 
functions of life and growth. This has a great industrial bearing for yeast 
can be grown in waste liquors from different industries containing small 
percentages of alcohol which can not be recovered easily by the ordinary 
methods. We have been successful in decreasing the alcohol content 
of wines and converting a part of the alcohol into yeast which is an 
excellent food material. Wc are in touch with wine-makers and advising 
them to prepare healthy wines by aerating them and in this process a 
part of the alcohol is converted into a nourishing food. The Germans 
live a good deal on beer especially in summer months. German beer is 
rich in yeast but poor in alcohol. 

Experiments are in progress to obtain yeast m large quantities and 
study the mechanism of alcoholic fermentation and yeast production and 
to preserve its vitamin contents. 



QUANTITATIVE STUDY OT THE EXTENT OT INHIBITION 
OF THE PRECIPITATION OF STANNIC SUIPHIDL 
IN PRESENCE OF SOLUBLE TARTRATES 

Br Arun K Dey 

Department op Chemistry, University of Allahabad 
(Communicated by Dr S Ghosh, D Sc F N A Sc ) 

(Read on 26th April, 1947) 

Abstract 

This paper is a continuation of the work of Dey and Bhattacharya,' J 
on the study of the inhibition of the precipitation of stannic sulphide 
in presence of various organic acids and their salts The extent of 
inhibition in the presence of sodium tartrate has been quantitatively 
studied The inhibition has been ascribed to be due to complex 
formation 


Introduction 

In a recent publication 1 Dey and Bhattacharya have shown complex 
formation to be the cause of the non precipitation of stannic sulphide 
in presence of oxalic acid and oxalates In other publications* * they 
have reported, that the same inhibition is possible m presence of other 
dicarboxylic acids as well It is well known (cf Rossmg 4 ) that the 
addition of oxalic and tartaric acids can be used to keep tin in solution, 
when antimony can be precipitated as sulphide by sulphuretted hydrogen 
Stannic tartrate was known to exist, 4 since long, and complex 
formation between tin and tartaric acid was recorded by various earlier 
workers 6 7 Also, the studv of complex tartrates has been the subject 
of many investigations and in recent years Darmois and coworkers,* 
Vaishya and Raman* and Biswas 10 have dealt with this topic in consider¬ 
able detail In a very recent publication, 11 Bobtelsky and Jordan hat e 

*7 
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described the results of their investigations on the complex tartrates and 
citrates of various metals. 

During the preliminary experiments, I have observed that tartaric 
acid itself is unable to act as an inhibitor in the precipitation of stannic 
sulphide, whereas soluble tartrates show appreciable activity in this 
respect. In this paper, the results obtained on using sodium tartrate 
as an inhibitor is described. 


Experimental 

A solution of Schuchardt’s stannic chloride was prepared in 
normal hydrochloric acid, and tin was estimated gravimctrically. Standard 
solutions of sodium tartrate of various concentrations were also prepared. 
A solution M /5 sodium sulphide was prepared by iodometric standardi¬ 
sation. It was noted that M /5 was the minimum strength of sodium 
sulphide, which could precipitate stannic sulphide completely from 
the stannic chloride solution. Since the stannic chloride solution was 
acidic, the mixture after the addition of an equal volume of sodium 
sulphide remained acidic. 

Several test tubes were taken, and in each were delivered 10 c. c. 
of 0*09389 M of stannic chloride solution. Now 10 c. c. of the tartrate 
solutions of known concentration were added, and then 10 c. c. of the 
sodium sulphide solution. The first was filtered immediately after the 
addition of sodium sulphide, the second after half an hour, the third 
after four hours, the fourth after eight hours and the fifth alter ninety-six 
hours. Different sets were taken, using different concentrations of the 
tartrate solution. A blank experiment, using water instead of the tartrate 
was also performed. The experiments were performed at a room 
temperature of 30 9 C. 

The precipitated stannic sulphide was filtered and estimated 
as oxide. The filtrates were boiled, and a further quantity of i c. c. 
sodium sulphide solution added, this was left overnight and the 
stannic sulphide now precipitated was filtered and estimated. The 
sum of the amounts of stannic oxide estimated in the precipitate and 
the filtrate corresponded to the total amount of tin available in the 
solution. 
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In the following table, the results obtained on the inhibition 
of the precipitation in presence of different quantities of tartrate are 
recorded 


Percentage of Inhibition 


IV 


Time after which filtration was done 


Sn 

C*H, 0 , 

0 hour 

| hour 

4 hours 

8 hours 

96 hours 

z 

O 

* 35 

* 35 / 

i 9 °/ 



1 

0 665 

u 78 

11 50 

1 r 28 

104a/ 

9*8/ 

1 

i 33 

15 *4 

13 34 

12 08 

11 29 

10 36 

1 

166 

18 50 

M 3 * 

14 12 

i 3 75 

12 03 

1 

5 3 * 

33 7 i 

26 21 

25 28 

23 62 

22 jr 

1 

xo 64 

43 3 1 

33 39 

jo 6j 

28 01 

26 28 

1 

ij 96 

56 01 

42 2X 

38 73 

J2 j8 

29 } 6 

1 

si s8 

69 18 

48 73 

40 }8 

3671 

33 0 } 


In all the cases the inhibition is more marked at first, but soon the 
precipitation commences After a pene d of ninety-six hours a consider¬ 
able portion of the tin is precipitated as stannic sulphide Here too, as 
in the case of oxalic acid and potassium oxalate (loc cit) the precipitate 
varies in nature, and shows a wide range of colours, beginning from 
yellow to deep b«-own, depending on tl c concentration of the tartrate 
used When the ratio tin tartrate is 1 10 64, the precipitate becomes 

highly gelatinous in nature, and resembles a freshly obtained precipitate of 
ferric hydroxide, in appearance When the quantity of tartrate was 
increased further, the system assumed a ct llotdal character and a con¬ 
siderable portion passed through the filter paper 

In another set of experiments, the stability of the complex was 
studied, by allowing stannic chloride and tartrate solutions to remain in 
contact for different lengths of time, and then stannic sulphide was pre¬ 
cipitated with sodium sulphide The precipitate ob ained was filtered 
immediately after the addition of sodium sulphide, stannic oxide was 
estimated in the precipitate and the filtrate as before From these experi¬ 
ments it was inferred, that the inhibition does not depend on the period 
for which the solutions of stannic chloride and sodium tartrate are 
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allowed to stand together Thus the complex formed is quite stable and 
shows no tendency of decomposition, even when allowed to stand for 
ninety six hours 


Summary 

1 The extent of inhibition of the precipitation ot stannic sulphide 
from acidic solutions of stannic chloride have been studied quantitatively 

2 The inhibition has been ascribed to be due to complex 
formation between stannic tin and soluble tartrates 

3 It has been found that an appreciable quantity of sodium tartrate 
has to be added to perceive appreciable inhibition of the precipitation 

4 It his been observed that the formation of a colloid precedes 
complex formation, and the colloidal matter settles with time The 
quantity of tin remaining in solution after the coagulation of the colloid 
gives an idea of the amount of complex formed 
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STUDIES IN THE DYES DERIVED FROM QUINOLINIC 

ACID AND CINCHOMERONIC ACID AS ADSORPTION 

INDICATORS IN ARGEN 1 OMETRIC TITRATIONS 

PART II* 

By R C Meiirotra 

Chemical laboratories, the University of Allahabad, Allahabad 

In a recent communication 1 , the use of resorcinol quinolein and 
cinchomeronein as adsorption indicators in the titrations of halide solu¬ 
tions singly has been described In the present cemmumcation the 
behaviour of these dyes in mixed halide solutions and also, a comparision 
between the behaviour of these dyes and that of resorcinol phthalein 
has been studied Further, the tetrabromo derivatives of these dyes 
have been prepared and their applicability as adsorption indicators has 
been investigated 

Titrations rf mixed halide solutions —Belladen and Piazza 2 have ob¬ 
served that although Brilliant Archill C and Chromotrop F4B are suit¬ 
able indicators for all the chloride, bromide and iodide 10ns separately, yet 
when a mixture of iodide and chloride 10ns is titrated against silver 10ns, 
the end point (pink—»grey green) occurs, when silver nitrate equivalent 
to only the iodide ions present has been added The dyes under investi¬ 
gation (resorcionol quinolein and cinchomeronein) are also quite suitable 
for all the three halide 10ns, but thev mark the end point when the total 
of all the halide 10ns present in the solution has been precipitated The 
addition of ammonium carbonate does not allow the iodide 10ns to be 
titrated alone in the presence of chloride 10ns « 

Comparison of the Appltcaltitty of these two dyis nitl fluorescein —The 
resorcinol quinolein and cinchomeronein dyes can be emploved m 
ammomacal as well as acidic solutions Unlike fluorescein these dyes can 

*Read before the meeting of National Academy of Sciences, held in September 

*947 
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be employed in the pH range 2 to 12 It has been found that in the case 
of ammoniacal solutions, the cinchomcronein indicates the end point 
only upto a concentration of N/30 to N/20 ammonia m the solution to 
be titrated, whereas in the case of quinolein, tht end points are quite 
sharp in solutions in which the concentration of ammonia is as high as 
N/3 to N/2 Thus the cinchomcronein shows a behaviour midway 
between the pathalein and the quinolein and so it can be inferred that the 
suDstitution of the ‘CH’ group of benezenc by the basic N’ in pyridine 
is the controlling factor m the variation of these properties and the near 
ness of the ‘N’ atom to the carboxylic groups in the quinolein confers 
greater contrast to its properties than it docs in the case of the cincho- 
meroncm 


cooh 


/ \ 

fOOH / \ C00 „ 

/ \ 

\ ) 

COOH I I 

l > 


N 


COOH 

COOH 


The tertiary ‘N’ atom, as is well known, has got a powerful 
tendency to donate its lone pair of electrons, and this tendency will result 
in the formation of a chelate ringed compound, similar to that shown by 
Cox and coworkers* in the simpler case of argentic picolinate The 
chelation always lowers the solubility of a compc und and thus the appli¬ 
cability of these dyes in acidic as well as ammoniacal media can be ex¬ 
plained on the view point of the formation of highly insoluble chelate 
compounds with silver 


Tetrabromo Resorcinol Quinolein and Cinchomeronein 
^ as Adsorption Indicators 

Preparation of the dyes—The bromination of the quinolein and 
cinchomeronein was earned out in the alcoholic solution, and the tetra¬ 
bromo derivatives were prepared and purified 02% solutions of the dyes 
were prepared in alcohol and these solutions used as indicators through¬ 
out these investigations. 

Tetratm of Iodide Ions against Silver Ions • When a neutral solution 
of potassium iodide is titrated against silver nitrate, the coagulation of 
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the precipitate begins much Ltfore the end point and the precipitate 
appears as a deep pink mass at the equivalent point Fn the case of 
cinchomeronein, the colour cf the coagulated particles remains yellow 
so long as iodide ions arc present in excess and changes to pink with 
half a drop of the silver nitrate solution in excess and simuhanec usly 
the pink colour of the suspensit n js discharged In the case of the 
tetubromoquinolem the particles have a pinkish shade much before the 
equivalent point and the end point is indicated merely by the disappear 
ance of the pink colour of the suspension at thi equivalent point How 
ever, in acidic or ammrniacal media, the colour change at the end point 
becomes much sharpci with 1 oth the indicate rs In the acidic solutions, 
the coagulation occurs just at the equivalent point So long as the 
iodide ions are present in excess, the suspension remains yellow and 
changes sharply to pink at the end point In the presence of ammonia, 
the coagulation of the silver iodide begins early However, the colour 
on the particles remains yellow with both the indicators and changes 
to pink with half a drop of the silver nitrate solution at the end point 
Along with the colour change on the particles, the pink colt ur of the 
supernatant suspension is also discharged simultaneously at the end 
point 

Titration rf Bromide Tons tynnst Stiver Ions When the bromide 
solutions are titrated against silver ions using tetrabromo quinolem or 
cinchomeronein as indicators, no sharp colour change at the end point 
could be obtained in the neutral solutions The end points did not 
improve also by the addition of ammonia However, in the presence 
of acetic acid the end points are very sharp and the titrations can be 
carried out accurately In the case of the cinchomeronein, the suspension 
remains yellow and becomes pink just at the equivalent point, whereas 
m the case of the quionolein the suspension assume! a slight pinkish 
shade before the end point and the equivalent point is indicated by 
change of the colour of the suspension from light pink to deep pink 
The end points are made much more sensitive, because the coagulation 
of the precipitate occurs immediately at the end point 

Titration of Tltocyanate I ns In tl e case of the thloeyanate"tons 
also, no sharp end points could be obtained in the neutral as well as in 

F l 
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ammoniacal media In the presence of acetic &cid, the end points ate 
quite sharp The coagulation occurs much cailier and the particles 
tssume a slight pinkish shade from the beginning} but thete is a sharp 
colour change from light pink to deep pink on coagulated particles at 
the end point 

Titration of Chloride Ions In the case of the chloride ions no sharp 
colout change could be obtained either in the neutral or m ammoniacal 
or acidic media Even in the acidic solutions, the coagulation of the 
precipitate and the adsorption of the dye occurs much before the equiva¬ 
lent point which indicates that the dye anions are so strongly adsorbed 
by the precipitated sih er chloride particles that they displace even the 
adsorbed chloride ion* 

Titration of Iodide Ions in Presence of other Halide Ions It is in this 
field that the indicators have been found to be of practical value When 
a mixture of iodide and chloride ions is titrated against silver ions in 
neutral or acidic media, the end point, indicated by the complete trans 
ferenceof the pink colout of the suspension to the particles of the 
coagulated precipitate, occurs after the whole of the iodide ions and 
the chloride ions has been precipitated However, in the presence of 
ammonia, the iodide ions alone can be titrated m the presence of chloride 
ions When a mixture of the iodide and cWoride ions is titrated against 
silver ions in ammoniacal medium, the coagulation of the silver iodide 
parades begins soon, but the particles remain yellow When all the 
iodide ions have been removed as silver iodide, half a drop of the silver 
nitrate solution changes the yellow colour on the particles to pink with a 
simultaneous disappearance of the pink colour of the suspension The 
estimation of the iodide ions is accurate, when the ratio of the chloride 
iodide ions present has a value upto i 2 In the presence of a greater 
proportion of the chloride 10ns, an excels of the silver nitrate solution is 
required 

Attempts have been made to estimate the iodide 10ns m the 
presence of the bromide ions and also of ths bromide 10ns in the 
presence of the chloride 10ns, but the results were unsatisfactory 
Similarly the iodide ions could not be liberated in the presence of the 
thiocyanate 10ns 
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Volume & 
cone of 
halide 
solutions 

Drops 

indi 

cator 

Volume & 
cone of 
AgNO s 
solution 

Transition 

of 

colour 

Remarks 

io c c of 

N 10KI 

2 

9 97 c c to 

9 98 c t 
of N/io 
AgNO, 

Pink 

suspension 

-♦Pink 

precipitate 

Coagulation of the ppt occurs 
much before the end point 
In case of quin the particles 
assume pinkish shade before 
the end point 

IO c c of 
N/io KI+4 
to ioc c 
ofNHAc 

2 

10 to 10 02 
c c ofN/io 
AgNO 

Yellow 

suspension 

Pink ppt 

The end point is much sharper 
than m the neutral soln The 
coagulation occurs just at the 
end point 

IO c c of 
N/io KI+6 
to 8 c c 
ofNNH 4 OH 

2 

10 0 c c of 
N/io 
AgNO, 

Yellow ppt 

Pink ppt 

The end point is very sharp 
Coagulation occurs muoi earlier 
but the end point though occur 
ring on the coagulated particles 
is quite reversible 

10 c, c of 
N/ioKI+j 
c c ofN/io 
KC 1 

2 

1494 to 

14 98 c c 
of N/io 
AgNO, 

Pinkish 

suspension 

Pink ppt 

The colour change at the end 
point is not very sharp The end 
point is indicated by the tran 
sference of the pink colour from 
suspension to ppt 

10 c c of 

N iO KI+ 3 
to J c c 
N/io KC 1 + 

4 c c of 

N NH 4 OH 

2 

10 0 to 

10 04 c c 
of N 10 
AgNO, 

Yellow ppt 
-♦Pink ppt 

The end point, though occurring 
on the coagulated particles is 
very sham With larger propor 
tions of chloride 10ns an appre 
ciable over consumption of silver 
10ns is requited 

io c c of 
N/io KCNS 
+6 to 8 c c 
ofNHAc 

2 

100 c c 
ofN/io 
AgNO, 

light 
pink ppt 
-♦Deep 
pink ppt 

The end point is very sharp and 
quite reversible 


Summary 

i A compansion of the applicability of resorcinol qumolein, cm* 
chomeronem, and phthalem as adsorption indicators has been made and 
the differences have been exp lamed 
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2 The behaviour of the indicators in the mixed halide solutions 
has been investigated 

3 Two new indicators tetrabromo quinolein and tetrabromo cmcho- 
meronein have been described 

4 The new indicators are suitable for the titration of iodide, bromide 
and thioct anate ions in acidic solutions 

j The ledide ion« can be estimated very accurately in ammonical 
solutions also 

6 Mixtures of iodide and chloride ions can be analysed completely 
by the help of these indicators The whole of the iodide and chloride 
ions can be determined by titration in neutral or acidic medium, and the 
iodide ions can be estimated alone by titration in presence of ammonia 

In conclusion, I beg to offer my grateful thanks to Prof N R Dhar 
for his kind interest and encouragement during the course of this investi¬ 
gation 
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ABSTRACT 

Different samples of sodium argcntolhiosulphate ha\e been prepared by alcoholic 
precipitation from a solution of silver halide (chloride or bromide) in a concentra¬ 
ted solution of sodium thiosulphate. The vaiious properties of the isolated products 
have been studied. The results of anal)sis of the product gave the composition as : 
A&|S a O 

3 > 4NajSj0 3 , 21UO, for all the samples. The valency of the complex ion was 
determined by coagulation of a positively charged ferric oxide sol with standard solu¬ 
tion of the complex compound and by comparing the coagulation values with those 
for electrolytes of known valencies. The values showed that the complex radical was 
bivalent in character. On a systematic study of the iormation of complex argento- 
thiosulphates it has been concluded in an culier communication, that only mono- 
and tri-valent complex anions are capable of existence in a solution of silver halide 
in sodium thiosulphate. On the other hand quantitative analysis leads to a formula 
which does not correspond with any of those already aimed at. The isolated 
product contains a much larger proportion of thiosulphate and it is therefore evident 
that the bivalency of the predominant ion thiosulphate is responsible for the abnormal 
coagulation values for the complex ion. It has been emphasized that in order to 
obtain a true formula of any co-ordination compound physico-chemical methods 
must be adopted as the formula obtained by isolation and subsequent analysis always 
include those of double salts and absorption complexes as well, 

A 47-2-1 
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Introduction 


It is well known that the removal of silver halide by sodium thiosul¬ 
phate solution during fixation ol photograph it negatives involves the 
formation of complex compounds. T he investigations of argento- 
thiosulphatcs have been of consider.ible interest and compounds of 
different compositions have been isolated tioni the solution by various 
workers. Mention may be made of ihe work of Baines 1 , and Spacu 
Murgulescu J who analysed some samples and assigned formulae to 
the products. In an important communication 3 Basset and Lemon 
described the examination of the system Na,jS a 0 3 —.AgjSjOj—H a 0, 
at 25 ° and concluded the formation of the following complex com¬ 
pounds : 

(i) Na 3 [Ag (S 2 0 3 ) a ], HjO or 3 Na 2 S, 0 „ Ag a .Sj() s , 2H a 0 

(ii) Na 8 [Ag J (S J 0 J ) 1 ], 2 II 2 0 or !>Na a S 3 0 3 , 3 Ag 2 S a 0 3 , 4 H a 0 
(Si) Na [ Ag (S 2 0 3 ) J, H a 0 or Na 3 S 2 0 3 , Ag 2 S a 0 3 , 2 H 3 0 
(iv) Na |Ag 3 (S (! 0 3 ) i! J,H j! 0 or Na^Oj, 3 Ag 3 S a () l5 2 H a 0 

The divergent results rc< orded in literature led us to investigate 
the formation of argentothiosulpha*e complexes and in a recent paper 4 
we described our results on the compositions of such compounds studied 
by the solubility method 5 devolved by us, for elucidation of the formulae 
of complex compounds. 

In this paper we have described the ptepatation and properties 
of sodium argcntothiosulphatc obtained by alcoholic precipitation 
from a solution of silver halide (chloride or bromide) in a concentrated 
solution ol sodium thiosulphate The chemical composition has also 
been determined by quantitative analysis. Incidentally an attempt 
was made to determine the valency of the complex ion by the coagula¬ 
tion of a colloidal solution of positively charged ferae oxide, a method 
similar to that adopted by Ghosh and Dhar 0 for showing the bivalency 
the fluorideion. 

Experimental 

Preparation :—20 grams of ‘ AnalaR ’ silver nitrate was dissolved 
in water and silver halide was precipitated by the addition of either 
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‘ AnalaR ’ hydrochlouc acid solution 01 a solution of chemically 
pure sodium biomidc The piecipitited silvei halide was thoioughly 
washed fiee fiom the pi ecipitatmg clecti olytes and then dissolved in 
a concentrated solution of sodium thiosulphate of ‘AnalaR’ quality, 
care being taken to use tlie minimum quantity of sodium thiosulphate 
To the solution was added about 150 c c of absolute alcohol and the 
heterogeneous mixtuic shaken vigorously when a white emulsion 
appeared and later an oily liquid scpaiated at the bottom of the vessel 
This oily liquid was scpaiated by means of a sepaiatmg funnel and 
received in an evaporating dish to winch was then added a further 
quantity of alcohol On Stirling with a gliss lod, a wmte solid mass 
sepaiatcd out The lumps wcic biokcn and washed tlnoughly with 
alcohol and diicd at a loom tcmpiratuie of about 30* It was found 
that the compositions of different samples, whether prepared from 
silver chlonde or silver bromide, weie the same and the properties 
wcic also similar 

Properties —The product has a colourless appearance and is 
fairly soluble m watei Hydrochlouc acid sepaiates sulphur from the 
compound, with busk evolution of sulphui dioxide while silver chloride 
does not sepaiati out Nituc acid bchucs in the same way as hydro¬ 
chloric acid, and on boiling a clear solution is obtained 

The compound is readily soluble in ammonium hydroxide, and on 
adding nitric acid to the ammoniacal solution, some white particles 
separate out which change through a sei ics ol colours and linally become 
black This is probably due to the knmation of silvei sulphide from 
the complex When on aqueous solution is reacted with silver nitrate, 
silver in the complex gets perecipitaled first as thiosulphate and finally 
changes to silver sulphide 

The compound docs not fuse on heating, but burns with a bluish 
flame and a black lesiduc is left The compound docs not darken on 
exposure to sunlight but an aqueous solution when exposed to solar 
light for six hours assumed a sky blue tinge Darkening of the solid 
occurs with time and it becomes daik grey m a period of about six 
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months. Similarly an aqueous solution, when kept for four months 
deposited silver mirror on the vessel. 

The compound responds tp the tests for thiosulphate, but the tests 
for silver are not obtained. 

Analysis :—The analysis was carried out as described in the follow¬ 
ing lines ; Silver, thiosulphate and water of crystallisation were deter 
mined, while sodium was found by difference. The methods of anal>- 
sis are given below. 

Stiver : —0.4 gram of the compound was weighed accurately and 
boiled vigorously with nitrre acid to decompose the complex and thu> 
a solution of silver nitrate was obtained. Slivei was precipitated from 
the solution a« chloride and estimated as usual. 

Thiosulphate Thiosulphate was estimated by the method recently 
described by us 7 . 0.5 gram of the compound was accurately weighed 
dissolved in watci and a solution of silver nitrate was added to it drop 
by drop with occasional stirring till precipitation was complete . The 
precipitate which was originally white gradually changed to yellow, 
red and finally became black, due to the conversion of silver thiosul¬ 
phate to silver sulphide. The precipitate was filtered in a Gooch 
crucible, washed with water and the filtrate was concentrated to a 
volume of about 200 c.c. From the filtrate barium sulphate was preci¬ 
pitated by the addition of barium nitrate, and sulphate estimated. The 
Gooch crucible containing the silver sulphide precipitate was dried 
in an oven at 120°, till constant weight was attained. The total 
amount of sulphur contained in the complex was calculated from the 
weights of barium sulphate and silver sulphide : 

Total sulphur■■ Weight of silver sulphidex0.12937 

+Weight of barium sulphatexO. 13738 

From the weight of sulphur the amount of oxygen in S^O., was 
calculated. 

Water of crystallisation :—1 gram of the compound was taken in 
a watch glass, and heated to a constant weight in an air oven at 120°. 
The loss in weight gave the amount of water of crystallisation. 
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The average composition of the compound, arrived at by the 


analysis of a number of samples is given in 

table 1. 


Table I 

Found 

Calculated 

Silver 

21.46% 

21.69% 

Sulphur ... 

32.10% 

32.13% 

Otfygen (Calculated from the amount 
of sulphur) 

21.08% 

24.10% 

Sodium (by difference) 

18.66% 

18.46% 

Water of crystallisation 

3.70% 

3.62% 


100.00% 

100.00% 


Formula : Ag 2 S 2 0 3 . 4Na a S 2 0 3 , 2H 2 0. 

Coagulation experiments :—The determination of valency by the 
c oagulation of solloidal solutions was first suggested by Freundlich, 8 
and applied to show the bivalent nature of the fluoride ion by Ghosh 
and Dhar°. In this study a colloidal solution of positively charged 
ferric oxide was prepared by dispersing freshly precipitated hydrated 
ferric oxide by acetic acid, and purifying as usual by dialysis. The 
amount of ferric oxide in the sol was estimated by evaporating a 
measured volume to dryness, and finally heating strongly to a constant 
weight. 


Concentration of the sol - 7*69 grams Fe 2 0 3 per litre 

For determining the coagulation values different amounts of the 
sol were taken in clean test tubes, and measured volumes of electrolytes 
were added. The time of observation was half an hour. The ex¬ 
periments were conducted at 25° and the total, volumes were kept 
10 c.c. in every case. 
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Coagulation with electrolytes 
Tabif II 

Volume of electrolyte required 

Volume of sol 



M/5 KC1 

M/400 K 2 S0 4 

M/1500 

K 3 Fc(CN). 

M/2000 

K 4 Fc(CN) <1 

1 c c 

l 1 c c 

0 5 c c 

0 5 c c 

0 4 c c 

2 c c 

2 8 c c 

1 0 c c 

1 0 c c 

0 8 c c 

1 c c 

3 4 c c 

1 4 c c 

1 5 c c 

1 2 cc 


C oaguhtion with the complexes 
1 ABU- III 

Volume of sol Volume of M/500 solutions of the complexes 

Complex (1) Complex (2) 

horn AgCl Horn AgBr 


1 c c 

2 c c 

3 c c 


0 45 ce 0 40 cc 

0 80 c c 0 80 c c 

1 25 c e 1 20 c c. 


Trom the above results we find that the coagulative power of the 
various electrolytes lie m the following order 

K 4 Fe(CN) 0 > K 3 Fe(CN) 0 > Complex (1) —Complex (2) > K a S0 4 > 

KC1 

The coagulation values due to the complex ion lie near that oi 
sulphate ion, thus showing the bivalency of the complex 
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DISCUSSION 

It has alieady been said that a number of molecular compounds 
have been isolated from a solution of silver halide in sodium thiosul¬ 
phate. Our results on the composition of tliCjC complexes dm. (it) 
have conclusively proved that only two complex anions, viz., [AgtS a O,)]“ 
and [Ag^aOa)^]” 8 are capable of existence, their formation depend¬ 
ing on the concentration of sodium thiosulphate solution used. With 
a concentrated solution of thiosulphate the reaction is : 

AgX d Na a S.(), ^ N<ifAg(S J 0 3 11 
when however, the ihiosulpbatc concentration is lower, complex forma¬ 
tion takes place according to the equation : 

AgX 1- 2Na a Sj0a ^ Na^Agi S 2 0 3 ) J 

The compound Na[Ag(S/)j)] was prepared by workers including 
Richards and Faber 9 , Rosenheim and coworkers 10 and Baine<» 
(loc. c{t), whereas Naj|Ag(Sj0 3 } a | was piepared, in comparatively 
recent years, by Spa< u and Murgulesc u [loc. i it ). The other compounds 
reported by Basset and Lemon (loc. cit) seem to be double compounds 
or adsorption complexes, incorporating the two complexes with indefi¬ 
nite amounts of thiosulpnate associated. 

Our results described in this paper lead us to the formula : 
Ag a S a 0 8 , 4Na a Sj0 3 , 2H a 0, foi the isolated product. On the other 
hand from the solubility results it is evident that the compound in 
presence of a higher concentration of thiosulphate should have been 
Na[AgS 2 0 3 ]. It appears, therefore, that the isolated compound 
is an adsorption complex or a double salt. If the isolated compound 
would have been a true complex, the valency of the complex anion 
should have a value far greater than 4, The charge on the complex 
radical and thence its valency was determined by coagulation of a 
positively charged ferric oxide sol. The results indicate that the 
complex anion is bivalent, thus suggesting that this coagulation value 
is mainly due to the thiosulphate ion which is present in large excess, 
as a double salt or adsorption compound. It seems that some of die 
compounds isolated by Baines also belong to this type of compounds. 
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Tt should, therefore, be remembered that results obtained by 
methods of isolation and subsequent analysis are generally not very 
reliable, as they always include in their composition those of adsorp¬ 
tion complexes and double salts as well. These complications arc 
liable to mask lire clear composition of the true co-ordination compounds 
formed. It is thus absolutely necessary that in addition to usual 
analysis physico-chemical metheds must be adopted in order to eluci¬ 
date the exact compositions of the complexes that may be formed. 

Rrftrences 

1. Baines Phot.J., 1929, 53, 314; 1929, 2703. 

2. Spacu and Murgulescu £eiL ationr. Chem. f 1932, 208, 157. 

3. Basset and Lemon 1933, 1423. 

4. Dey CompL Rend. Arad . Set. II. S.S R., 1947., 50, 1047 

5. Dey J. Ind . C/nm. Soc 1947, 24, 207. 

6* GhoJi and Dhar Ibid.. 1928, 5, 203; Koll. 1928, 44 , 149. 

7. Dey and Bhattachuya jf. Ind. Chem . Soc., 1940, 23, 124. 

8. Freundlich . \nv concepts in Colloid Chemistry , London, 1926, 38. 

9. Richards and Faber Atom* Chem. J., 1899, 21, 107. 

10. Rosenheim and coworkers £eit. anorge . Chcm. y 1900, 25, 74; 

Beu 1928, 61 , 1731. 



THERMAL IONIZATION OF CALCIUM AND DETERMINATION 
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Abstract 

The thermal ionization oi caluum has been studied using the vacuum giaphite 
furnace constructed by Saha and T.mdon. Tlie specific charge of C!a + has been 
determined b\ applying the space charge them y to positive currents under various 
potentials as explained in the paprt on Lithium. The contribution of the terms 
b (T) and V (f) for Calcium in the ionization formula tends to lower the 
effectiveionization potential. The mean value of the energy of ionization is 
IS6'9 K. cals. The value of the specific charge of calcium is 7.5x10“ e. s. u./gm. 

1. Introduction. 

The Space charge theory for unipolar currents was developed 
by Srivastava and Bhatnagat (1944 a\ and was applied by them 
( Srivastava and Bhatnagar, 1914 b) to determine the e/m for electrons 
from graphite In a subsequent paper (Srivastava and Bhatnagar 1946) 
the theory was applied to determine the specific charge of Li + using a 
strong magnetic field to deflect off the electrons and obtaining thereby) 
an effectively unip >l.u positive current; the elm for the positive particle 
is then obtained from the relation giving the variation of the positive 
current with voltage applied to the Faraday cylinder. 

In the picsent paper the same method has been employed to 
determine the specific charge of Ca + . A study of the thermal ioniza¬ 
tion of Calcium has also been made, the elements barium and stron¬ 
tium of the same group, having been studied by Srivastava (1940 a 
1940 b). 

A 47-2-2 
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2. Thermal Ionization of Galqium. 

A detailed description of the apparatus and the cxpcrimentAl 
nocedure has been given b) Srhasiava in his paper on strontium. 
Srivastava 1940 b 

Due to high ionization potential ol calcium (6.02 eV) the tempera¬ 
tures at which measurable ionization could be produced m the 
graphite furnace was higher than hitherto employed in similar experi¬ 
ments. The side-furnac e which contains the metal was modified to 
develop a temperature at whicli (ah ium has enough \apout piessure to 
produce appreciable ionization Existing data on the vapom pressure 
of calcium show that, in the region of the temperature range at whicli 
the present measurements have been made, values of the vapoui pressure 
of calcium are not available The following procedure had, therefore, 
to be adopted to get the values of the vapour pressure at the diffeient 
temperatures used in the experiments. 

There are two sets of data available, one for solid state givenby 
Rudberg (1934) and the otherfoi liquid state by Ruff and Hartmann 
1924) The data on the solid state are at lowet and those on the liquid 
state are at higher temperatures than those in our experiment There¬ 
fore, to get the values of vapour pressure for our range of temperature 
the solid state data have been extrapolated to the melting point of cal¬ 
cium, and similarly, the data on the liquid state have been extrapolated 
downwards to the melting point The difference between the slopes 
of the curves so obtained agrees well with the latent heat of fusion of 
calcium (cf. Srivastava’a paper on strontium) and sh »ws that the 
values of the vapoui pressure for higher temperatures, .is read from 
the vapour pressure curve for solid state by extrapolating it to the 
melting point can be taken as correct. As a further che^k the value 
of the vapour presure has also been calculated from the formula 

logp( mm) - — ^y^+8.15, 

as given by Rudberg 

The calculated values agree well with those obtained by graphi¬ 
cal extrapolation A mean of these two values has been utilized to 
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get the vapour piessmc in the side tube containing calnum Know 
ing the vilue of the vapoui pressure / in the side tube at temperature 
T the value ot \ ipout piessuic / it ti mperaturc T in tl e main fuin 
ace is calculated from the ril'd ion 


III - J l l 

Like b'uium and stiontium to caluun also the contnbution 
oftheteims b f and/ 1 occ uti in t, in tl e ionization formula 

V' I > U ir'?- r < 1 ,M/ *' 

/ / t) / s / i i ) 

where the presstuts ir< exj tested in iiniosplu is is such tint it tends 
to lower tl e c ilcctivi mugs of i i 1 /itn n — i fu t v I u li at counts foi 
the occumntf of calcium in i 1 u,hl\ i ni/ed dcgieein th« s it wheic 
as othei elements with mu h 1 vet in/ ition p leniiil ire much 
less ionized The \ tints foi the isc it t iluum is t dculited from 
the energy st lies gntn bv 15 uhci and (joudsmidt ire 

/ ( T) -1 C)(X)29 at >063 K 
b'( 0-2 00097 at 2063 k 

Thus throughout the temper uurt langeof oui experiment we 
c«in assume b{T) = 1 00 md h ( T) >00 and the ionization formula 

(1) becomes 

log h - 4 ^+3 log T- l> (79+ > log l (2) 


and A from the theot) of the experiment is given by (see Srivastava 
1940a) 


p InkT /r 1 +i a \ a t a + i(f Jm x X m e 
A “ e*V \ r* f p a (1 013x10°) 
where r-the radius of the apertuie in limiting diaphragm 

</— distance between the di tphrat,m and the effusion hole 


(3) 


6 -area of the effusion hole 

i g ~ and t g t are the negative ind positive currents respectively 
and all other quantities have their usual significance 

The values of the curients tg " and t ff * occurring in the table are 
the zero-field values of the current obtained as explained in 
the paper on thei muonic work fuction of graphite (Bhatnagar 1944). 
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Table 1 gives the results on the tl ermal ionization ol calcium m 
the temperature range 1898°K to 2063 K The mean value for the 
energy of ionization comes out to be 136 9 K cals which agrees with 
the spectroscopically dctumined value 139 h. cals withm limits of 
experimental error 

Tablf I 

Diamctei of effusion hole - 1 008 mm 


Distune between elf umoii hole mil tluphragm 
Sensitiv ity ol the gilv mometer 
Radius of limiting di ipnr >,m aperture 


Mean Temp 
the graphite 
furnace K 

Temp of au: 
furnace K 

5 - 

s - 

e 3 

8*' 
a, d 

o d 
.—* 3 

2063 

1037 

2 i ) ) 

1971 

1017 

2 9U 

1960 

1047 

7 913 

1955 

1047 

“913 

1949 

1047 

7*913 

1942 

1022 

2 630 

1931 

1027 

T 673 

1917 

1027 

2 675 

1896 

1002 

2 440 

1828 

982 

2 255 


I OJ ? Pea 
m n ) m 
mm fur 

l q~ 


mm 

2 9041 

136 100 

79833 

> x 100 

7 98331 

80 100 

T’ 982 

80 X 100 

2 9820 

80 x 100 

2 7703 

80 100 

28132 

80 x 100 

78117 

106 x 30 

2 3797 

41 <30 

2 3899 

58 x 30 


14 3 mm 

1 23 x 10”° amp/mm 
4 2 mm 


*■a h 

mm 

log A 
(atmos ) 

L in 

K Cals 

1 1 

1 33 

13 7291 

138 7 

34 

rr 102 3 

137 7 

30 

1T0933 

137 6 

33 

lT 1312 

136 8 

24 

14~9932 

137 7 

27 

73 2363 

134 6 

30 

73 2569 

133 9 

1 15 

74 5536 

139 1 

11 

lT~ >66 

135 7 

2 

T> 8155 

137 6 
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It has already been explained in our paper on the space chaige 
effect that the specific charge of the particle carrying the current can 
be determined by applying the Space Charge theory provided the 
current is unipolar Tnis condition is experimentally realised by 
deflecting, with the help of a strong electromagnet, the electrons from 
the beam of the charged particles effusing out of the tiny hole in the 
graphite furnace and, thus pre\ eating them fiom enteiing the inter¬ 
electrode space which, in our case, is formed by the diaphragm and 
the Faraday cylinder. The heavy ions \Ca + ) are little affected by the 
magnetic field and pass through the limiting diaphragm, and are 
collected by the Faraday cylindei to which a suitable negative poten¬ 
tial is applied. The cut rent produced by the charged particles is 
measured at various potentials on the Faraday cylinder Table II 
gives a typical set of observations. 

The relation between the current and the applied voltage on 
taking space charge effect into account is (Srivastava 1946) 

Table II 


Fin 

Volts 

d ► 

in mm 

0.5 

35 

1 

4*5 

, 12 

5 

1.5 

G 

, 1.8 

6 5 

2 

7 

25 • 

8 

3 

9 

4 

12 

! 5 

I 

13 5 


T ■ 1793% x«2.1 cm., A «■ jr X (.42) a , Gal. sens. —1.25 X KT* amp/mm* 
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i 


ml P/ 2 X^ 
"* 9tt vw } x* 


approx 


(4) 


where distance between the diaphiagm and the Faraday cylinder 
A — area of the apeiture in the dnphragm 


Plotting i against V see Fig L < m for the Ca + ion can be obtained 
from the slope of the curve The value so obtained is efm —75x10“ 
e s u/gm which agiees very closeh with the calculated \alue for i al 
ciurn taking for the \ due of electronic charge and foi m the mass 
of Ca atom 


This also identifies the pa i tick | roducing positive cunents m 
the experiments on the thermal ioni 7 ation of calcium with (a + 

The error likclv to occur in the value of efm obtained by this 
method has been discussed by Srivastava (1946) and is about 15% 



Fig 1 

My best thanks are due to Dr B N Srivastava, D Sc under 
whose guidance the work was done at the University of Allahabad 
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THERMAL IONIZATION OF ALUMINIUM AND 
DETERMINATION OF THE SPECIFIC CHARGE OF Al + 

Jh 
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(( rrnmunu ittd bv Di B N Sin isfava D Sc) 

\nsIRV i 

1 he thenml lonu iti m of Mumimum has been studu 1 employing the vacuum 
graphite fuma c crnstructid by Sihi and Tandan Iheproblim is experimentally 
m ne didicult than f n othu elements due t > the low vapour piessurc and large 
lom/ition pitentiil of ilummmm ind his n<assitaled some midification in the 
usual expe imcntal arrange n nt lhe mean \ ilue of the energy of ionization is 
fo md t > be 135 9 K eaK whi Ii is in g»)J agree n<nt with the spe troscopically 
determined value withm limits of < xptmnentil «rror 

lollowing the method developed in the piper on lithium the e n for Al + has 
also been determined bv applying the space charge theory to unipolar positive 
current pioduccd bv \1 + ion The value obtaine 1 is 1 22 X 10 1-1 e s u /gm 

I InTRODTJC 1 ION 

In the present paper the thermal ionization of aluminium has 
been studied and the specific charge of Al + determined Similar 
studies were made with Lithium (Srivastava and Bhatnagai 1946) 
til ciLium (Bhatnigir 1917) A full account of the apparatus 
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r >4 

used for the study of thermal ionization has been given by Srivas- 
ta/a (1940). In order to determine the specific charge a strong 
electromagnet has been recently included in the apparatus. A 
complete description ol the elcctiomagnet, of the experimental 
procedure for determining the specific chaige of ions, and of the 
theory underlying the method is given in the paper on lithium, 
(Srivastava and Bhatnagar 1946). 

The method is applicable only to unipolar currents, i.e., the 
currents produced by one type of charged particles. This condition 
is experimentally realised by deflecting away tl e electrons from the 
effusion beam, with the help of the electromagnet. The method 
gives very satisfactory results, and helps in the identification of the 
particles producing positive currents in the study of the thermal 
ionization of elements. 

2. THrRMAI ION 17 A 1 ION Or At UMlNItJM 

The problem has greater experimental difficulties than hitherto 
encountered in our study on the thermal ionization of elements 
due to the fact that aluminium has a very low vapour pressure and 
even at temperatures as high as 1500°K of the container in which 
the element is placed during the experiment, no measurable ioniza¬ 
tion was produced in the main furnace. After a large number of 
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trials, it was found that no separate side-tube attached to the main 
furnace and heated by conduction from tLc latter, as lias been 
employed so far in all previous experiments, could produce the 
required temperature. The side furnace was, therefore, dispensed 
with and in its place, a small plug (see fig 1 ) with a shallow cavity in 
its neck was screwed on to the main furnace such that the substance 
contained in the cavity was in level with the walls of the main 
furnace and had the same temperature as that part of the graphite 
tube 

This portion of the tube is at a lower tempciature than the 
central part of the graphite furnace, hut is incandescent enough to 
enable its temperature to be read with the pyrometer, which has been 
throughout employed to find the tenq nature of the nain graphite- 
furnace. Aluminium in the form of fine pow du was introduced in 
the cavity allhc top of the plug which was then screwed on to the 
main ftinacc 

The ionization currents pioduccd b) electrons and the positive- 
ions were measured at various temperatures and the corresponding 
equilibrium constant A' c Undated with the help of the following 
relation ^Sec Srivastasa 19118 eqn. 15' 

,. 2 ji hTir 1 ^ il-y if \ f m, m r 

c-s- \ h ; /.„ 1-onxiov ■ ‘ 11 

where r= the radius of the apertuic in the limiting diaphragm. 

c/=thc distance between the effusion hole and diaphragm 
S area of the effusion hole and all other quantities have 
their usual significance 

The ionization formula 
log A--log 

Pa 

- -4 57 ^ 7 - tog 7*—6*479 1 log 2-flog // IT. log h f T , ( 2 ) 

with the help of (1) then gives U, the energy of ionization per gram 
atom. The term b(T) comes out to be 2 , 0000 and /AT)*-1 0000 
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The available data on the vapour pressure of aluminium fortu¬ 
nately cover the range of tenipetature over which observations have 
been taken in these experiments. 

Table I gives the results on the tl ermal ionization of aluminium. 
ig~ and ig + in columns 4 and 5 are the zero-field values of the 
current obtained as explained in the paper on thermionic work 
function of graphite (Bhatnagar, 1914). The value of the energy of 
ionization so obtained agrees well with the spectroscopic all) deter¬ 
mined value. 


TABLE I 

Radius of effusion hole —0*8 mm. 

Radius of the aperture in the limiting diaphragm=4.2 mm. 
Distance of diaphragm from effusion hole = 18 mm. 
Sensitiveness of galvanometer ■* 1 *25 y 10“ * amp. mm. 









Temp, of Temp, 
graphite of Aux. 
furnace furnace 

T (Abs) T (Abs) 

log/> in 

1 main 
furnace 

1 

1U 

mm 

it 

)U 

mm 

lug A* 
(Atmos) 

U in K 
cals 

1840 

1660 

1 2223 

1500 , 

r> 

15 7373 

HI 2 

1850 

1665 

I 21-79 

1530 

30 

16-2424 

137-4 

1863 

1675 

1 3731 

2010 

56 

15-8142 

135-3 

1878 

1683 

1 3987 

2280 

65 

15 9112 

135*6 

1903 

1705 

1 5233 

4200 

83 

11*1639 

135*3 

1908 

1705 

T52441 

3600 

80 

110810 

' 

136*4 

1930 

, 1725 

1 -6244 

5100 | 

95 

14*2120 

136*9 
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3. Determination of e'm 

After the aluminium has been ionised in tl e main furnace, tl e 
products of ionization consisting of electrons and ionised atom cftire 
out of the effusion hole. The electrons arc deflected off hem lie 
effusing beam by the electromagnet, as tlcy tra\crse tie path bet¬ 
ween the effusion hole and the limiting diaphragm, «nd on!) the 
positive ions, which arc very little affccHd b\ tie iragnctic (ic'd, 
enter the space between the diaphragm and the Faiaday cylinder 
The positive ions are collected by the Faiaday cylinder which is 
maintained at a suitable negative potential, and the flow of the 
positive ions fiom the diaphragm to the Faraday cylindci constitutes 
the unipolar positive currents to which the space charge theoiy may 
be applied. The currents are mcasuied at various accelerating 
voltages (see table II) and are given bv the relation (Srivastava 1916) 


V? te \W^ 
9 n \ m / 


1 approx. 


(V 


where v= the interelectrodc distance, i.e., the distance between the 
diaphragm and the Faraday cylinder, and A = the area of the apcrtuic 
in the limiting diaphragm. 

TABLE II 

T=185(TK, v = 21 mm, 2 it (fh^i^sq cm 


F in \olts 

d in mm 

") 

29 

1 ’() 

34 

1-1 

35 

1*6 

36 5 

2-0 

39 

2 5 

41 

3'0 

41 

1-0 

49*5 

5-0 

52 
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Plotting t^ 3 against V we get the curve of Fig. 2. The slope of 
the curve which is equal to 

[~\/2/ e yi*Ayn 

L9ttU/ v*J 



from equation (3) then enables us to calculate e'm. The value of 
ejm so calculated is 1 '22 e.s.u /gm which agrees well with the value 
for Al + obtained by direct calculation and establishes beyond doubt 
that the positive current in the experiment on the thermal ionization 
of aluminium is due to Al. + As shown by Srivastava (1946) this 
method is capable of yielding values of am correct to about 15%. 

My sincere thanks arc due to Dr. B. N Srivastava, D Sc., under 
whose guidance this work was done at the University of Allahabad. 
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STUDY OF THE COMPLEX FORMATION BETWEEN MER¬ 
CURIC CHLORIDE AND SOLUBLE CHLORIDES BY THE 
ELECTRICAL CONDUCTIVITY METHOD 

P\ri II Sn,DY of i hi HgCl, KCJI symkm 


liy 

A'it'N K. Diy 

Department of Chemistry, University of Saugat 

(Read .it the Annual Meeting of the Academy on 22nd Notembet, 1947) 

ABSTRACT 

In p irt I of the seri( s, the compositions of chloromcrcuric acids h ive heen studied 
by the electiical conductu ltv method. In this pa;n r the compositions of chloromcr- 
c uiates, resulting in the complex formation between mercuiic chlonde and potassium 
chloride have been d esc nix'd. The method adopted for the study is the same as 
followed by the author for the study of various complex fuming systems Thecon- 
d ictivitv curves Rive in lie itions of the formation of the following complex compounds: 
KC3I, HrC1 2 ; 2K.GI, HgGl 2 an 1 4KC1, HgCC. 

iNTRODVt.riON 

A large amount of work has been carried on the natmc of the 
complex mercuric compounds. In recent years Bhagwat and Toshni- 
wal 1 investigated the beltaviour of mercuric chloride in aqueous 
solutions. Yajnik and Uberoy* adopted some physico-chemical 
methods for the study of complex formation between mercuric salts 
and soluble halides, and Pernot 3 and Gallais 4 studied the complex 
formation in non-aqueous solvents. Samuel and co-workers* studied 
the complex system by spectroscopy and Nayar and Saraf® investigated 
the Raman Spectra. Some of the workets arc in favour of assigning 
the formula R,HgX 4 to the complex formed, whereas others favour 
HgX“ a as the formula for the complexion. Thus Krishnamurti 7 , 
a 47-3-2 
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Biaune and 1 uglcbiei 11“ and Bernstein and Mailin’ aie in lavour ol 
tiehttu formula lor the complex On the othei hand Solanki and 
Josm ’ by conductivity, viscosity and rcfiactivity mcasuicments claim 
to nave obtainci tne evidence for tnc existence of the following com¬ 
pounds 10KI, HgCl a , 20KI, HgCl, and 4 5KI, HgCl 2 , which 
novvever have not been confirmed by otnci workeis 

In view of the conflicting icsults obtained by various workers 
wc undci look the study ol tms problem and in Part I ot the aeries" 
we have mvestigited the complex formation between meicunc chloride 
and hydrochloiic acid In this papei the woik has been extended to 
the study ol mocunc chloride-potassium chloride system. 

I.XPFRIMENTAI 

Specific conductivity valueb lot solutions ol M/200 mcrcuiic chlo 
ude ol different cone enti ations of potassium chloride and also for mix¬ 
tures ol vinous ((impositions weic accurately deteimincd at 30° 


The experimental icsubs are given in the following tables 

Electrical conductivity of M/200 mercuric chloride = 6 343x10“' 
mhos 


Tabu I 


Sjiecihc condiictnitv 

C ouuntr it ion 

M/10 

M/-0 

M/'O 

M/40 

M/50 


I potassium chloride 


different dilutions 

1 lccliical cond'K ti- 
\it> in 10 * mho> 

12 84 

6 863 

4 792 

3 537 

2 856 



(>3 


Sfuh of Wercunc ( hi on U and S >lublt ( hlondts 


mcentiati m 

Electrical conducti¬ 
vity in 10" 1 mohs 

M 60 

2*120 

\1 70 

2 09(i 

M 80 

1 798 

M 90 

J 71 1 

M 100 

1 ll<> 

M 110 

1 k9 

M 120 

1 217 

\1 110 

1 01 1 

M 160 

t) 9282 

M 180 

0 1 0~8 

M 200 

o 7 no 

M/210 

0 (> 526 

M 280 

0*') 1()2 


1 \IU 1 11 

Specific conductiutv of niixtmos of mcrcuiu chloride and potassium 
chloride of \arious compositions 

Final concentrations of the 


constituents in the mixtuie 

Ratio 

Specific 

conductivity 

HgCl, 

KC 1 

HgCI, KCI 

10 *mhos 

M/20) 

M 1 

1 

20-0 

1 i 074 


M/20 

1 

10 0 

6 97 s 
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Final conccntiat’ons of the 
constituents ir the mixture 

Ratio 

Sp# cifi 

HgCl. 

KG1 

HgCl, : KC11 

cond ictivity in 
10“ J niohs 

M/200 

M/Jt> 

1 : 6.07 

4 856 

) * 

M/40 

l : 7 00 

■1 585 

9} 

\r r )0 

1 : 1.00 

2.061 

l * 

M 60 

l : 4 n 

2 552 

1 ^ 

M, 7(1 

l : 2.16 

2 120 


M 80 

1 : 2 50 

1 .816 


M ( 0 

1 : 2.22 

1 .749 

■ 

M 100 

1 : 2.00 

1 .165 

* 

m no 

l : I 82 

1.142 

1 1 

M 120 

l '. 1 67 

1 .219 

* 

M 110 

1 : 1 . It 

l 027 


M 160 

1 : 1.25 

0.9425 

% • 

m no 

1 : 1 .11 

0.8221 

>• 

M,20 > 

1 : 1.(0 

0 7579 

* ^ 

M/-40 

1 : 0 8 > 

06419 


M/.ao 

1 : 0 71 

0.5545 


Discussion of Results 

It is well known that the physical properties of mixtures rot yield¬ 
ing complexions are additive. The converse is al;o true ar.d any change 
in the physical properties of mixtui ts is usually due to complex forma 
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tion. From the experimental data recorded in this paper the percentage 
change in electrical conductivity due to the complex formation bet¬ 
ween mercuric chloride and potassium chloride have been tabulated 
below. 

Tabu III 


Mixtures of mercuric chloiidc and potassium thloiidc 


Composition 

Sum of the 

Observed 

Difference 


of the 

conductivities 

conductivity 

in 

Percentage 

mixture 

of the 

of the 

10“‘ mhos 

difference 

HgCl 8 : KC1 

constituents 

mixture 




in 10 -1 mhos 

in 10”’ mhos 



1 ; 20.0 

12.81 

1 1.071 

2 11 

1.81 

1 : 10.0 

6 869 

6 97 5 

1 01 

1 .31 

1 : 6.(>7 

4.798 

1.856 

0 58 

1 21 

1 : 5.00 

3.541 

1.585 

0.43 

1.18 

1 : 1.00 

2.862 

2 9b 1 

0 99 

3.46 

1 : 3 .:iS 

2.426 

2 552 

0.26 

1 .07 

1 : 2.86 

2.102 

2.120 

0.18 

0 86 

1 : 2.30 

1 .801 

1 .816 

0.12 

0.66 

1 : 2.22 

1.719 

1 .719 

0 30 

1.71 

1 : 2.00 

1.122 

1 165 

0.13 

3 02 

1 : 1.82 

1 335 

1.312 

0.07 

0.12 

1 : 1.69 

1.243 

1.219 

0 06 

0.48 

1 : 1.43 

1.020 

1.027 

0 07 

0 69 

1 : 1.25 

0.9345 

0.9423 

0.08 

0 86 

1 : 1.11 

0.8141 

0.8221 

0.08 

0.98 

1 : 1.00 

0.7419 

0.7579 

0.16 

2.13 

1 : 0.83 

0 6389 

0.6119 

0.03 

0.47 

1 : 0.71 

0.5525 

0 5545 

0.02 

0.36 
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From the above table a graph has been plotted with percentage 
difference in conductivity against the composition of the mixture 
The curve shows sharp breaks corresponding to the following composi¬ 
tions of the mixture : 1KC1, 2KC1 and 4KC1 for 1 molecule of HgCl a . 
Thus we conclude that the following chloromercuriates arc formed by 
complex forrriation between mercuric chloiidc and potassium chloride : 
KC1, HgCl a ; 2KC1, HgCl a and 4KC1, HgCl a . It will be of 
interest to remember that in Part I, similar complexes were found 
to be present in a mixture of mercuric chloride and hydrochloric acid 
solutions. Some workers have reported the formation of a compound 
1/2KC1, HgCl a , which was not found by us, as we did not work 
with extremely dilute solutions of potassium chloride. It is likely 
that this compound may also exist under suitable conditions. 


Conductometric Study of HgCI, KC.l System 



1 * s’ ‘ i~” io ("t u i* " ■« » 

Values of the fraction • cone, of KCI/conc HqCI, 
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Fiom these studies, 1 mof opinion, tint sine' 1 sevei il we 1 ! define d 
co npounds are capable of existence, involving vinous piopoitions of 
mercuric chloude and potassium chloride the wide v tuition in the 
compositions of these complexes as found by dilTeicnt woikcrs is quite 
likely, as their pioducts may easily be a mixture of one or moie of such 
complexes 

R f, net 

1 Bliagw it and T jsliniwil 7 Uil (hem So , I94M9 49S 

Yiimk ind Ubcr y Jin Urn S 1 > J 1 4S rt() J 

S Pei not C mpl Rni 1J , 7 185 9)0 bn ( h ni 1 > SI 15 5 

4 (.Ulus C nipt Rend 19SM95 7 r 

5 Nay at ind ‘-at if J lit (I em Sc 1J4S 20 314 

b Sunuel and coworkers Ini J Pin , 191)9,191 

7 Knshnamurti Ibid, 1931,6 7 

8 Brume and Englebic ht £ phyt. (hem , 1930,11B 409 

9 Bernstein and Martin Ttans Roy Sor , Canada, 1957,34,(m),95 

10 Solankt and Joshi J Ind Chem Stc , 1942,49,9 

11 Dey and Bhattacharya Pioc Mat Acad Set, India, 1947,16A,1 
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CHEMICAL EXAMINATION OF THE ROOT-BARK OF 
ALANGIUM LAMARCKH 

By 

M. P. Singh and J. D. Tewari 

The plant Alangium Lamarckii belongs to the Natural Order 
Cornaceae and is reported to possess important medicinal properties. 
The part mostly used as medcine is the root-bark which is up to 
2 mms. thick, brittle and dark brown in colour and highly bitter. 
Leaves and fruits also find use in medicine. The loot-baik is dcsciibed 
in the Nighanlu as bittci, mucclaginous pungent, apeiient; it expe's 
worms, wind, phlegm and poison. The leaves aie used externally 
to relieve rheumatic pain., and the fruits inletnally to cure phthisis 
and skin diseases. 

From personal experience Sheriff (i) states that the bark is a 
good substitute for Ipcacuanhe, and proves useful in all cases in which 
the latter is indicated, except dysentery. It is given in syphilis and 
leprosy; the native (onsider it to be alcxiteiie abxitcric, especially 
in cases of bites (torn rabid animals. Dcy. (2) reports its usefulness in 
simple continued fever. Chark, Sharang-Dharsamhita and Bhava- 
prakasha describe it as an antidote to snake venom. 

The presence of a noncrystallisable alkaloid, provisionally named 
Alangine was reported by Dymock, (3) as far back as 1891. Later 
on, in in 1893, a reference of the same appeared in Ghemischcs 
Zentralblatt (4). Chopra in 1933. (5) submitted the drug to 

detailed chemical study. He says, “ Detailed chemical examination 
revealed the presence of an alkaloid and fair amount of Potassium 
chloride, but no tannins ot glucosidcs, The bise was purified to 
a great extent but all attempts to prepare a crystalline salt have 
thus far failed. The sulphate of the bass was obtained as a white 
powder which was found to be hygros:opic and had a tendency to 
turn yellow on keeping.” 
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Neither the alkaloid nor any one of its salts have so far been 
obtained in a crystalline form. It had not been possible even to 
decide whethci the alkaloid was a single compound or a mixture 
of others, differing but slightly in their chemical and physical proper¬ 
ties. The presence of characteristic groups and the nature of the 
nitrogen atom in the molecule of the alkaloid too, had not been 
studied. 

In this series it is intended to throw more light on the above 
mentioned points. The present study was already in progress 
when a paper by Dutt and Parihar (G) appeared, giving results of their 
investigations on the drug. They report the presence of a single 
alkaloid—Alangine—to which they have assigned the formula 
C^HjaCTN,—(M.P.205—08’Ci. with deconi.) A number of the salts 
of the alkaloid with their melting points arc given. A few colour 
reactions arc also given. The authors have given no reference of the 
previous work in the field. The colour reactions and the molecular 
weight that they have found out arc quite different fiom those given 
by Dymock. The present author-, have isolated three different 
alkaloids-two isomeric with each other, and a third different from 
these two; from the same drug, and have piovisionally named them 
(i) Alangine A, (ii) Alangine B, and (iii) Alanginine. It is very 
probable, therefore, that the Alangine cither of Dymock or Dutt and 
Parihar, is but a mixture and not a pure single individual compound. 
This is further supported by the fact that cthylacetate in which all 
the three alkaloids isolated by us, are soluble, has been used near the 
final stage of extraction by Dutt and Parihar. Naturally the preci¬ 
pitate that they obtain by adding a mixture of ether and petroleum 
ether (2:1) to the concentrated cthylacetate extract must also be a 
mixture of all three alkaloids. In the final stage of purification, the 
use of chloroform by them, in which solvent also all the three alkaloids 
are soluble, leave no room for doubt that they are dealing with a 
mixture and not a pure substance. The following table gives the 
values obtained by Dymock, present authors and Dutt and Parihar:— 
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Authors M P. 

wt. 


C°{ 


H 0/ 

11 u 


N°„ 


I") IS 


N°o oni °/ 
Kh«4d.hla. UCjllj 0 


Mole¬ 

cular 

formula. 


(1) Dymock 2bb 

Dutt and 291 205°—08° 7b 25 8-% . 4 f>8 4-58 10-% C in H., 

Parihat —OJN. 


(3) Present Author. 

(i) AlangincA .. 3 r >3 219° -20° 72-27 7-*0 8 34 4-21 17.54 C n H -0 3 N, 

(n) Alangim-B 351 105° 07° 72 2 0 7 41 8 18 4-15 1 7*49 (1 .H, OjN, 

(m) AlcinKinino . . 24V 47° 73% 84b 

Furlhcrmore the difference between the percentages of nitrogen 
determined by the Dumas and the Kjcld.ihl’s methods show that in 
the molecule of the alkaloid nitrogen exists in two different forms and 
the possibility of a ring nitrogen is consequently inferred. Such 
a difference is not recorded by Dutt and Patihar. 


Expfrimkntal 

Preliminary assay of the root-bark revealed the presence of about 
•91% of an alkaloid on the air dried material. 25 gms. of the air- 
driccl root-bark was successively extracted with the following solvents: — 

1. Pctroleumether (40" —60 ’ 0 ): —A dark brown viscous oily 

substance ‘45% was obtained. 

2. Absolute ether:—A dark brown viscous oilv substance 

’84%. 

3. Absolute alcohol: —A daik brown hygroscopic mass 5*7%. 

4. Alcohol 70%: -12’15%. 

Isolation:— 

10 lbs. of the air diied root-bark was finely powdered and 
extracted with a cold homogeneous mixture of 90 parts ether, 10 parts 
alcohol, and 2 parts liquor ammonia, the final percolation being done 
after stirring up the drug with some alcoholic amminia The perco¬ 
lates were individually treated with dry hydrochloric acid gas in the 
cold and the ethereal solution decanted off from the precipitated hvdro- 
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chlorides of the bases, ammoniatcd with liquor ammonia and used for ' 
subsequent percolation. After three percolations the ethereal solu¬ 
tion was made ammoniacal and then just acidic with acetic acid and 
ciher distilled off on the waterbath for fresh use. From the residue 
left behind, the residual base was recovered by removing fatty matter 
with petroleumether (40•—60 t) and dissolving out the salts with cold 
and finally with some waini water. The combined hydrochlorides 
got from the different percolates and the aqueous solutions of the salts 
of the residual alkaloids were mixed together, the base precipitated 
with sodium carbonate (1%) and shaken out with chloroform. The 
chloroform layer was allowed to stand for 24 hours, filtered and shaken 
out with 1% oxalic acid till in the last extract no precipitate was 
obtained by adding Meyer’s reagent. From the solution of the 
oxalates thus obtained the bases were fractionally precipitated with 
ammonia shaken out with ether and three fractions collected after 
rationally missing the different initial fractions according to their basic 
solutions thus obtained were dried over anhydrous sodium sulphate 
^rengths. The three ethereal and concentrated to a small volume over 
tgaterbath at 50 J c. A light brown solid seperated in all the three 
and was collected over a filter paper, washed a few times with dry 
ether and stored as fraction A. From the respective mother liquors 
on largely diluting with petroleum ether a deep yellow substance was 
obtained and was named fraction B. The fractions A and B were 
further purified by repeating the above treatment and finally by 
dissolving them separately in dry acetone which did not dissolve a 
very small crop of a cream coloured substance (M. P. 245°—47° with 
decomposition). The acetone was removed, the solids dissolved 
separately in drv ether, the ethereal solution concentrated to a small 
volume and the base precipitated by adding large volume of petroleum 
ether. The three substances were obtained:—Alangin A. (M. P. 
219°—20°c. with decom.), Akmginc B (M. P. 105°—07°c. with decom.) 
and Alanginine (M. P. 245°—47°c.). They have a tendency to darken 
in colour in the presence of heat and sunlight. This tendency is 
maximum in the case of Alangine B and least in the case of Alan- 
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gemne The yields respectively of Alangine A Alangine B and Alan- 
ginene on the air dried material are 15% 10% aid 001% 

Alangine A —(M P 219—20 C ) is i light brown crystalline 
solid when freshly crystallised from hot benzene but giaduillv goes 
on darkening m colour becoming more and a ore brow n under the 
influence of heat and light It is soluble in chloroform acetone 
ethylacetate ethyl md methvl alcohols sparingly so in ether benzene, 
(hot) and insoluble in cold benzene pcttoleum ether md water It 
yields marked piecipitatcs with all the alkaloidal icagcnts and shows 
colour reactions as given in tible 2 below It is sol able in mineral as 
well as organic acid solution giwng in ill cases a light oi mge 
solution which on csapiration dcpisits respective alt as an amor 
phous jellv The salts are extitmely bitter in tiste and show bl ush 
fluorescence From chlorcfirm s 1 iti in it deposits it once a daik 
brown b omine addition product when i solution of bromine m chloro 
form is added 

round —C -72 26 72 28% N = 7 35 7 24°/ N-8 43 8 25 0 ° 

(Duma s) 

N — 4 18 4 24% (Kjeldahl s) 

Mol Weight 350 360 (Rast s) 338 6 338 9 (Ignition of the 

chloroplatinate) 

— OCH 3 —17 49 17 59% Br m bromo compound 40 04 

40 23% 

C^H 0,N requres —C = 71 38 % H-708 % N-793 %, 

=OCH 3 = 17 56°/ (two gioups) Br-40 5°/ (3 bromine atoms), 
Mol Weight = 353 

Alangine B MP 105°-07°C It is a deep yellow amorphous 
solid when freshlv obtained It gradually changes to brick red lti 
colour by the action of he it and light and this tendency is greater m 
this compound than in Alangine A It is easilv soluble in chloroform 
acetone ethvl and methyl alcohols and ethvlacetate When fteshly 
piepared it is also easilv soluble in ether and benzene but the solu 
bilitv in these latter solvents goes on decreasing on keeping Probably 
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th'it is due to a change of Alangine B to Alangine A. In other 
properties it is similar to Alangine A. 

Found :--C = 72*18; 72-05.%. H = 7*21; 7-13%. N=804. 8-12%. 
Mol. Wt. -355; 362 (Rast’s). 340-6; 338-9 (ignition of Platinum 
Chloride.). 

— OCH 3 - 16-95; 17-13%. Bi =39 85; 40-17%. 

C. x H.,OjN, requires:-C = 71-38%, H = 7-08%, N = 7-93%. 

OCHj 

— OCH>= 17’56%,; C ,,H, ,ON, 

. OCH, 

Br. = 10-5 % C, H Br(Br.) O.N,. Mol. Wt. =353. 

Alangininc: -(M.P. 245° -47 J C. It is cream coloured amor¬ 
phous solid. This also changes in colour on keeping but the change 
is very very slow. It is soluble in ethyl and methyl alcohols, but 
insoluble in acetone, ethylacetate, benzene and sparingly soluble in 
ether. The yield of the Alanginine was verv small. Its properties 
and analysis etc., will be given later on when sufficient quantity of it, 
is isolated in pure form. 

Fmthcr investigations, regarding structure of the compouds, are 
in progress. 


— 

Table 11 
Fiochde’s 

F.tdmanus, 


reagent 

Alangine A ... . Violet changing 

0 

Yellowish brown Green changin 

lo green. 

to blue. 

Alangine B 

Ditto 

Ditto . Dirty green. 

1. Indian Plants and Drugs 

1908 

P. 24. 

By K. M. Nmdkaini. 



2. Pharrtiat ogorphica Indie a 

1891 

Vol. 11. 

By W. Dymock. 



3. Indegenous group of India 

1933 

P. 272, 273. 


By Lt. Col. R. N. Chopra. 

4, Dvitt and Sinha . . Indian Academy Vol. XXIII. No. 6. 

of Sciences. 1946. P. 325, 



OXIDATION OF SULPHUR AND ITS COMPOUNDS IN LIGHT 

By N R I)har and B V S Rachavan 

Powdered sulphur is Uigely used in the icclimatim of alkali 
hnds in Amenta and Europe 20 to 50 cwts of powdeied sulphur arc 
used per acre In his presidenti il address to the Nitnnal Academy 
ol Sciences Dhai stited as follows 

‘ In course of time the sulphui idded to the soil is oxi lizcd to 
sulphuric itid by the joint action of bicteria catilvsts tnd light and 
hence the sodium caibonitc of dkili soil is neitiili/ed with the 
formation of sodium sulphate winch cm be wishcl awiv by flooding 
the lands From some preliminary expeuments N R Dhar and 
S K Mukheijcc* c included that wlitn powdeied sulpur is mixed 
with alk ill soil 01 noimal sod mote sulphur is oxidized in light than 
in the daik under identic il conditions Puttly themical oxidation of 
sulphur has been icpoitcd to be a slow process and it depended 
upon the modification of sulphui used In this communication we 
arc submitting the icsults obtuned on the oxidation ol finely divided 
sulphur sodium thiosulph itc and sodium sulphide in presence of sand 
both m sun light and in d nk und< r stcnlc and unsteule conditions 

Experimental (a) 100 grs cf sand were taken in three stts m I rkn 
meyer flasks to each of which 1 gr ol powdci ed sulphui was added 
To one of the flasks J gr of sodium bit aib mate and to a second flask 
\ gr of sodium phosphate (N i HPO lOH/)) wcie added and to the 
third flask neithei caibonate nor phosphate was added Water was 
added at regular inters als and the flasks were shaken One set of 
flasks was kept in light and another similar set in dark by covering 
them with a black cloth The amount oi sulphate produced was 
estimated as banum sulphate making correction for the small amount 
of sulphate initially present m the flasks before exposure 

(b) In other experiments instead of powdered sulphur sodium 
sulphide prepared by passing hydrogen sulphide into solution of 
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sodium hydroxide, and also sodium thiosulphate were allowed to 
oxidize in the presence of sand both in light and in dark and under 
sterile and unstenle conditions The stenlization was carried on in 
an autoclave at 15 lbs pressure for two hours The results obtained 
are as follows — 


Tabll 1 

Surface 100 grs Exposure lasting 100 hrs 

Correction was ipplied for the initial amount of sulphate present 
‘ Unstcrile oxidations ’ 


Columns 


1 

2 

3 

4 

5 

Materials used tor oxidation 


Sulphuric 
acid obtained 
| with only 
the oxidisable 
material + 
sand 

Sulphun 
acid obtained 
with J gl 
NaHCOj 
+ sand 
oxidu ible 
ir itenal 

Sulphunr acid 
cbtuned with 
4gr Na HPOj 
4-sand+ 
oxidisable 
material 

1 gi of sulphur 

1 I ight 

0 0221 gr 

0 0241 gi 

0 0251 gr 


Dark 

0 0129 gr 

0 0155 gr 

0 0160 gr 

25c c of hypo containing 

0 5646 gr of hypo or 

I ight 

00921 gr_ 

0 0964 gr 

0 0994 gr 

0 1613 gr of sulphur 

Dark 

00678 gr 

0 0686 gr 

0 0697 gr 

25c c of sodium sul phide solu¬ 

light 




tion containing 

0*1680 gr of sulphur 

Dark 

0 0470 gr 
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Surface 100 grs Exposure Jjr months 

(Correction was applied for the initial amount of sulphate) 
(Sterile and unstenle oxidations) 


1 1 

i 

2 

\ 

4 1 

5 



Sulphuric 
acid obtained 
with only 
the oxidi&able 
matter -f* 
sand 

Sulphuut 
acid obtained 
with $ gr 

Sulphunc 

acid 

obtained with 

Materials used for oxidation | 


NaHCO a 
+ sand + 

IgrNa^HPO 
+ sand + 



oxidisable 

oxidisable 



material 

material 


Light 

Unstenle 

01662 gr 

0 1997 gr 

0 2094 gr 


Light 




1 gr of Sulphur 

Sterile 

0 0881 gi 

0 0968 gr 

0i193 gr 

Dark 

Unstenle 

0 0921 gr 

0 1176 gr 

01221 gr 



Dark 

Sterile 

0 0458 gr 

0 0613 gr 

00629 gr 


Light 

Unstenle 

Q ?977 gr 

0 4115 gr 

0 4496 gr 

25 c c of hypo containing 

Light 



Sterile 

0 2236 

0 2447 gr 

0 2522 gr 

05654 gr of hypo or 

Dark 



Unstenle 

0 3039 gr 

0 3118 gr 

0 3196 gr 

01615gr of sulphur 

Dark 

Stenle 

0 1684 gr 

01804 gr 

01837 gr 

25 c c of sodium sulphide 

Light 

t> 2859 gr 



containing 

Unstenle 

I ight 

0 3033 gr 

1 0 3124 gr 


01624gr if sulphur 

Stenle 

01643 gr 

01752 gi 

0 1846 gr_ 

Dark 

Unstenle 

0 1628 gr 

0 1684 gr 

01733 gr 



1 Dark 

1 Stenle 

0 0848 gi 

00902 gi 

00959 gr 
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The experimental results show that both under sterile and 
unsterile conditions more sulphate is formed in the light than in 
the dark. Moreover in presence of sodium bicarbonate and sodium 
phosphate there is more of sulphate formation, than in their 
absence. The longer the time of exposure the greater is the amount 
of sulphate. These results clearly show that powdered sulphur, 
sodium sulphide and sodium thiosulphate can be oxidized to sulphate 
in presence of sand under the complete absence of bacteria; the 
oxidation is much accelerated by exposure to light in * which the 
amount of oxidation - is approximately double that obtained under 
identical conditions in the dark. Under sterile conditions, like other 
oxidation processes mild alkali and phosphate accelerate the oxidation 
qf sulphur, sodium sulphide, and sodium thiosulphate both in light 
and in dark. It is clear therefore that when sulphur or sodium 
sulphide or sodium thiosulphate is added to the soil or to sand, light, 

4 micro organisms and surface facilitate their oxidation to sulphuric acid 

under tropical conditions. 

•( 

'Summary. These experimental results show that when powdered 
sulphur, sodium sulphide, sodium thiosulphate are mixed with sand 
they are slowly oxidized to sodium sulphate. Under sterile condi¬ 
tions the oxidation is less than under unsterile conditions. The 
oxidation is facilitated by small amounts of sodium bicarbonate and 
sodium phosphate. Of the three substances investigated sodium thio¬ 
sulphate seems to be the most photosensitive. 

Reference* 
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SYNTHESIS OF HIGHER DIBASIC ACIDS FROM LOWER 

ONES IN THE SERIES 

PART I 

Synthesis of 00-dimethvl and ft f?-diethyl-adipic acids 

By 

L. D. TfcWARI and J. D Tlwari 

van’t Hoff in his structural theory did not postulate the carbon 
tetrahedron to be rigid and the directions of the valencies were what 
he said, oily when the fo ir groups attached to them were identical 
and were hydrogen atoms. (Sidgewick, ‘Covalent links’ page 201). A 
change in the directions of the valencies occurred by loading them with 
uneven molecules. The tetrahedral angle of Baeyer 2 tan" 1 < /2 = 109*5°, 
was the angle subtended at the centre by one of the sides. The 
change in the angle produced by substituents was calculated by Thorpe 
and Ingold on the basis of the molecular volume of the attached groups, 
TraubeV constants for the atomic volumes of methyl and carbon atoms 
were made use of, in determining these values. 

When four hydrogen atoms were attached to the carbon atom 
the normal angle was 109°28\ This changed with the different load 

H v ^C- 

on the valencies. In fl, J)C J, , 0a ** greater than 0*, because 

Yl' ^C- 

molecular volume* of carbon is greater than that of hydrogen. Any 
attempt to reduce 0„ which can be done by ^changing 0„ will lead to 
easier formation of a carbon ring, if the arms which subtend the angle 
were open chains- .Thorpe- and Ingold have famished experimental 
evidence to prove that the ease of cyclopropane ring formation was in 
the follbwing order. It decreased from (i) to (iv) and was least in the 
ease of (iv). 
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This is a chemical evidence on which the ' Deflexion Hypothesis* is 
based. The experimental value of 0 alkyl substituted glutaric adds 
are in agreement with the above. 

0 alkyl substituted glutaric acids facilitate the formation of a three 
membered ring system If m one of the arm chains attached to 
0-carbon atom in alkyl substituted glutaric acids, one more methylene 
group be introduced, it should facilitate the formation of a cyclobutane 
nng, under the conditions where 0 alkyl substituted glutaric acid yielded 
a cyclopropane ring 

Thus in a haloginated glutaric and a dipic acids the action of alkali 
can be postulated as follows • 




✓CHBrCOOH 'i 
" CHjCOOH ) 


CH COOH 


HC(f^ 

COOH 


H,C^ 


CH COOH 
CH COOH 
CHOH COOH 
CH, COOH 


CH j — CHBrCOOH 
CH.-CH COOH 




^CH - CH—COOH 
(ilHj - CH,- COOH 


CH,- CH—COOH 
in -d:H- COOH 
-CH, CHOH COOH 
c1h,-ch 4 COOH 
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Actual experiments of Ingold and other show that with dilute 
alkali nearly whole of the acid is converted into hydroxy acid and with 
concentrated alkali about 50% of cyclopropane dcuvative was 
produced contaminated with hydroxy acid and a trace of glutaconic 
acid, when glutanc acid was examined In case of adipic acid, a 
marked difference was observed l thyl a chloroadipate, and ethyl 
a bromoadipa*e on boiling with 2N sodium caibonatc yielded 90% 
hydroxy adipic acid The above halogen compounds of adipic acids 
under exactly similar conditions as have been used in cases of similar 
glutanc acid compounds, on treatment with strong alcoholic (methyl) 
potash, gave cvclobutane dicarborfylic acid only in traces and the 
greater portion of the identified material was hydroxy product The 
experimental evidence indie ited that the formation of cycolbutane nng 
is attended with considerable difficulty as compared to the formation 
of cyclopropane ring, even when the similai methods were used for their 
preparation The cyclopropane ring formation in the alkyl substituted 
glutanc acids was in the older predicted by Thorpe and Ingold's 
hypothesis 

Spiers and Thorpe were convinced that the introduction of gem 
groups into malomc acid or into glutai .c acid in fift position leaves the 
symmetry of the molecule unchanged There is thus no free rotation 
effect to be considered and acids of such senes are strictly comparable 
with one another In succinic acid although the symmetry of the 
molecule is modified slightly yet the same applies to it 

It remained to be determined how similarly substituted adipic acids 
behaved The field had remained unexplored foi the synthesis of 
such adipic acids was attended with considerable difficulties 

The usual methods for the conversion of a lower dibasic acid into 
a higher one fail when applied for the preparations of substituted 
adipic acids Then it was proposed, that attemps to introduce a methy¬ 
lene group in one of the tree arm chains carrying carboxyl groups in 
glutanc acids (j3|3-subitiluted), be made A method was devised on the 
fines, based on the conversion of ortho-mtro-benzoic acid into, ortho- 



14 


L D TewariandJ D Tewari 

rntro-phcnyl-acctamide**, and experiments were started to convert (Jfl- 
dimethyl and 0/J-diethvl-glutanc acids into corresponding adipic acids 
00-dimethyl and 0/?-diethyl glutanc acids were prepared from acetone, 
diethyl ketone and cyanaceticeaster m ice cold alcoholic ammonia 
The imidc formed was hydrolysed with strong sulphuric acid, and j30- 
dimethyl glutaric acid was purified and converted into anhydride 
The anhydride was boiled with absolute alcohol and ethylhydrogen 
0/3-dimethyl glutarate formed was treated with thionyl chloride The 
chloride formed by the replacement of the free hydroxyl group in the 
acid ester, was allowed to interact with diazomethane The diazo- 
ketone vyas turned into the amide of fifl-dimethyl-adipic acid by the 
action of ammonia and silver nitrate on its alcoholic solution On 
hydrolysis the amide yielded the corresponding valcrolactone instead 
of the desired acid and /1/1-dicthyl glutanc acid yielded a mixture of 
the valerolactone and 0/3-diethyl adipic acid The tendency of (5 subs¬ 
tituted amide seems to form a six membered lactone ring in preference 
to acid and hence frothing dunng hydrolysis showing evolution of 
carbondioxide From further experiments it is evident that this 
tendency decreases with increase in volume or complexity of the ^-subs¬ 
tituted group The amide of dimethyl acid is under further investi¬ 
gation The valero-lactones were converted into corresponding acids 
by Blanc’s method 4 Details of the preparations will be found m the 
experimental part In Blanc’s process the preparation of lactone is 
not easy, consequently the starting material is not easily accessible and 
the process becomes increasingly difficult for other ^-substituted acids 
which however have been synthesised bv the authors method In 
adipic acid the /1-carbon atom from one Carboxyl group is Y-from 
another All the alkyl substituted adipic acids svnthesised are named 
as /^-derivatives 

Further wo r k in connection of synthesis of other adipic acids and 
their bearing as a whole on the ‘Valency deflection hypothesis' is w 
progress 



Higher Dibasic Acids from lower ones 15 

EXPERIMENTAL 

Ethyl Hydrogen 00-Dimfthylglc trafe 

60 gms 00-dymethyl glutanc acid was prepared by Thole and 
Thorpe’s method’ and was converted into its anhydride 

50 gms 00-dimethyl glutanc anhydride was converted into ethyl 
hydrogen 00-dimethyl glutratc and then into its chloride by interaction 
with thionyl chlonde 

Two instalments of 14 4 gms each of the chloride, were worked up 
for the preparation of 00-dimethyl adipic acid 

Reaction with Diazomethane 

14 4 gms of chlonde were dissolved in 50 c c pure dry ether and 
the solution was added to a solution of diazomethane (3 gms ) in ether 
(300 c c cooled to — 20°C) The gradual addition of the former to the 
latter took about 45 minutes The evolution of gas began to take 
place from the reaction mixture when the temperature rose to — 14*C 
The mixture was kept over night and the next day the ethei and excess 
of diazomethane were removed at the pump The temperature reached 
by it the previous night was 20°C The residue obtained after the 
removal of the solvent was treated with ammonia solution as follows 

00-Dimethyl Adipic Acid 

3 4 gms ammonia gas was dissolved in 300 c c alcohol at 0*C and 
the above residue dissolved in 50 c c alcohol was added to it 7 5 c c 
10% aqueous silver nitrate was also added and the reaction mixture 
was left to stand over night Next day it was diluted with 50 c c 
alcohol and heated on a water bath Gas evolution was noticed at 
50*C During four hours heating the temperature of the reaction 
mixture was raised upto 70*C It was then filtered hot and diluted 
with water The precipitated amide was digested tn situ with 10% 
caustic potash and refluxed for six hours The alkaline solution 
was allowed to cool Then it was acidified with 2 normal sulphuric 
acid saturated with ammonium sulphate and extracted several times 
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with ether. The combined ethereal extract on being washed, dried 
with sodium sulphate and evaporated to dryness yielded a lactone, 
which was identified as 00-dimethyl-valero-lactone. It had a M.P. 
29*-30* and a B.P. 234° -235*. 

Small quantities of the lactone (2 gms. each) were sealed with 
potassium cynide in glass tubes and the tubes were strongly heated. 
They were then allowed to cool and were cautiously opened and the 
contents treated with sulphuric acid. The acidic solutions were com¬ 
bined and saturated with ammonium sulphate. The acidic solution 
was extracted with ethers everal times, the ethereal solution dried with 
sodium sulphate, and evaporated to dryness. 

00-dimethyl-adipic acid thus obtained was found to contain 
C- 55 04% andH = 8.0 %. C„H,,0 4 requires C = 55.17 %,H-8.05%. 
M.P. 87*. 


Ethyl-Hydrogen—00-Diethyl Glutarate. 

60 gms. 00-diethyl glutaric acid prepared by. Deshpande and 
Thorpe’s method 7 , were heated under reflux with 50 c.c. acetyl chloride 
for three hours.Acetyl chloride was removed under reduced pressure 
and the residue was extracted with dry ether. The anhydride was 
obtained by the removal of the solvent from the ethereal extract. 

50 gms. 00-diethyl glutaric anhydride was converted into ethyl * 
hydrogen-00-diethyl glutarate, using 18c.c. absolute alcohol and heating 
it under reflux. The method followed for this conversion was Qpdrat- 
i-Khuda’s method*. 


Conversion into Chloride 

The acid estei (36 gm.) was converted into chloride by interaction 
with thionyl chloride (30 c.c.)'. 

The chloride distilled under reduced pressure of 15—20 m.m. at 
140*- 145 # C.' Yield 32 gms. 

It was treated with diazomethane in two successive batches 
16 gms. each and then converted into amide from which the acid was 
obtained on hydrolysis. 
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Reaction with Diazomfthanf 

A solution of diazomethane (gms.)in ether (300 cc.i was cooled 
to — 20°G and 16 gms. of freshly distilled chloride obtained as stated 
above dissolved in 50 c.c. of pure dry ether were added in drops with 
continual shaking to it and the addition was c. jmpletcd in 45 minutes. 
The temperature of the reaction mixture was then allowed to rise slowly. 
Gas evolution from it started when the temperature reached - 12. VC. 
The temperature of the reaction mixture was maintained at — 12 ,r )°C 
to— 10°C till the gas evolution ceased It took about two hours. 
The reaction mixture was kept over night and the iniximum tempera¬ 
ture reached by it till it was subjected to further trevtment was 20 C 
The solution indicated that some unrcacted diazomethane was present 
in it and that an excess of the reagent was used. Excess of diazo¬ 
methane and ether were removed at a reduced pressute and the 
residue obtained from two such operations wa-. subjected to furthei 
treatment in two separate batches, till the r qu red acid was obtained 

PP Diethyl Adipic acid 

„ CH 2 CH a COOH 

C a H 3 ^ ^CH 8 COOH 

3.5 gms. ammonia gas was dissolved in 100 c.c. absolute alcohol 
at 0°C. The residue obtained from the above reaction was dissolved 
in 50 c.c. alcohol and mixed with ammonia solution. 7.5 c.c. of 10% 
silver nitrate was also added and the whole was allowed to stand over 
night, when it reached a maximum temperature of 18’C. It was 
then heated on a water bath after diluting it with 50 c.c. alcohol. The 
maximum temperature attained by the water bath was 70"C, as the 
heating was always so regulated that no vigorous evolution of gas 
from the solution may take place. At the end of four hours, the 
reaction mixture was filtered hot and diluted with water. The preci¬ 
pitated amide was digested with 10% caustic potash and was heated 
under reflux for six hours. It was allowed to cool and then acidified 
with 2 normal sulphuric acid. The acidified solution was saturated 
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with ammonium sulphate and extracted several times with ether. The 
ethereal extract was dried over sodium sulphate and the solvent was 
removed. This ethereal extract vielded a liquid residue, yellow in 
colour. The residue was distilled under reduced pressure and a light 
yellowish oil was obt lined fiom it at 18°/42 m.m. When this oil was re¬ 
moved fra n th"* p ump and the liquid was naturally subjected to normal 
pressure and loom temperature, white needles separated from it. It 
was kept in a dessientor over calcium chloride, so that the separation 
of the crystalline matter ma\ icacli completion. After two days the 
crystalline substance was sepaiated from the oily mother liquor, washed 
with a little ether, dried b) pressing it between filter papers, rccry- 
stalliscd fiom ethci, and examined. It was found to be fl/J-dicthyl 
adipic acid and melted at 13V -.131°C. It yielded a silver salt with 
silver content 52 0% and C lJ H 1 C^Ag^ requires Ag* 51.92%. It 
contained C = 59.31% , H = 9.0%; O, requires C-59.41%, 

H = 8.91%. 

The liquid which remained after the removal of the acid was 
found to be lactone. B.P. 136° 138 /20—22 m.m. 
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SYNTHESIS OF HIGHER DIBASIC ACIDS FROM LOWER 
ONES IN THE SERIES 

PART II 

SYNTHESIS OF CYCLOHEX VNE-I-ACETIC-I-PROPIONIC AND 
CY GLO PENT AN E-1 -ACET l C -PROPIONIC ACIDS 

By L. D. IYwari ayd .J D. Tiwari 


Experimental data of Thorpe, Ingold and mail) of their co- 
workcrs showed tliat when the two valencies of / 1-cat bon atom in 
glutaric acid are included in a ring complex and <)clopentane residue 
occupied this position, then it was found to behave as a strainless ring 
i.c., cyclopcntanc behaved just like a gem dimethyl gtoup. Cyclo¬ 
hexane ring in a similar position behaved as a strained ting. 

Examination of ({-substituted glutaiic acids convinced Thorpe and 
his co-workers that a comparatively small alteration in the angle, parti¬ 
cularly as regards the stability of the open chain and ring system was 
attended with a marked difference in chemical behaviour of the 
compound. Thus the acids 


ch 3n 

CO COOH 

.CH, 

C11 


>C^ and CH, 



ch 3 " 

N CH.COOH 

CH, 

-CH, 


(I) 


(II) 


C(OH)COOH 
c!h- COOH 


are the stable forms though the acids 

CH 3 \ C(OH)COOH ,CH.-CII. CO COOH 

)c> I and C1H/ ' ‘ y C ' 

cn/ CH-COOH CH.- CH/ CH.COOII 

(III) (IV) 

are capable of existence and it has been found possible to prepare them. 
It is evident that (CH,) : group and cyclohexane residue favour the 

formation of acids (I) and (II) and not of the acids ^III) and (IV) 
respectively, 
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It lermincd to be determined how similarly substituted adipic 
acids behxvcd t xpcriments were started to convert cyclohexane and 
cydopcntane 1 1 dncetic acids into cyclohexane and cyclopcntane 1 

acetic i piopiomc acids by the method devised m Part I of this series 

C yclohexane 1 1 di icctic acid was prepared by the general method 

ofGuaieschis by the tic itmcnt of i mixture of cyano acetic estei and 
cyclo hexanom with alcohol siturated with ammonia in freezing 
mixtuic at 0 I he m d foimed w is hydrolysed with strong sulphuric 
acid and cy loll xanc 1 1 di icetic acid obtained was purified and 

com ci ted into inhvchich I he anhydride wis boiled with absolute 

ilcohol and cthvl hychogtn cyclohexane 1 1-dncetate formed was 
tieatcd with thionvl hi hi le The chloride formed by the replace 
ment <f the tuc hyhowl group m the icid ester wis allowed to 
mtci ict with di ir me thine The diazo ketone was turned into the 
imid of cyclchexinel acetic 1 piopiomc acid by the action of 
ammoni x and silv ei niti xte on its alcoholic solution 1 he amide on 
hydiolysis with sulphuric icid yielded cyclohexane 1 acetic 1 pro 
piomc acid Cyclopcntinc 1 acetic 1 piopiomc icid was also prepared 
by applying the above method using the corresponding cyclopentane 
compounds 


FXP1 RIMFNTAL 

h/iHYL Hydrogen Cyclohexane 1 1 Diacetate 

100 gms cyclohexane 1 1 diacetic acid prepared by Thole and 
1 horpe’s method were heated under reflux for three hours with 80 c c 
acetyl chloride The ac etyl chloride was removed completely at the 
pump under reduced press ire and the remaining residue was repeatedly 
extrxeted with dry ether The anhydride of cyclohexane 1 1 diacetic 
u id was btaint d bv removing the solvent from the ethereal solution 

80 gms of t yclohexane 1 1 diacetic anhydride prepared as above 
were icHuxcd with 60 c c of absolute alcohol for five hours A c xlcium 
chloride guard tube was attached to the open end of the reflux con 
denser Txcess of alcohol vas remove l after the refluxing was over, 
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at a temperature SO’-SS 0 of water bath, undci reduced pressure. 
The thick syrupy residue left in the distilling flask was mixed with 
200 c.c. water to dilute the alcohol, if any, had remained in the ester 
residue. The crude ester which separated at this stage as an oily 
liquid was removed fiom the aqueous layer with the help of a 
separator, after taking it up in ether. The aqueous pottion was 
extracted with ether a few times more to ensure complete icmoval of 
ester from it. The ethereal extracts were combined and then exti acted 
several times with a solution of sodium carbonate The combined 
sodium carbonate extracts on acidification with dilute h\drochloric 
acid liberated an oil of syrupy consistency and was eth\ 1-hydrogen- 
cyclohexanc-1: 1-diacctate. It was disrobed in ether and the ethereal 
solution was dried over sodium sulphate The dried ethereal solution 
on removal of the solvent yielded pure dr> ethyl-lrydtogen-cyclo- 
hexane-1: 1-diacctate. It showed a maikcd tendency to decompose on 
exposure. A freshly prepared sample w hen converted into silver salt 
and examined for its silver content gave a quite satisfactory value. 
(Obtained value Ag. =32.40%,II, ,O t Ag requires Ags32.24 %). 

The acid ester distilled at 188°-190'’C under a diminished pressure 
3-5 m.m., but the distillate was found to have undergone a consider¬ 
able amount of decomposition. It appears that it is impossible to 
distill the acid ester even undci reduced pressure, without under¬ 
going some decomposition. 

Conversion of acid LsrtR into chloride 

50 gms. freshly prepared ethyl-hydrogcn-l: 1-diacctate was mixed 
with 40 c.c. freshly distilled thionyl chloride slowly, with shaking, and 
the mixture was refluxed for three houis in a water bath, taising the 
temperature of water in the bath gradually upto 80’C. The reaction 
was allowed to complete by keeping the reaction mixture at a 
temperature of 80’C for about an hour. After this period, ur.rcactcd 
thionyl chlotide was removed under reduced pressure and the residue 
was vacuum distilled. The chloride was obtained as a colourless 
mobile liquid (yield 44 gms.) B.P. 166°-168 J at 1-6 m.m. pressure. 
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Reaction bhwlln the Chloride and Diazometiiane 

A solution of diazomethane in 200 c <. pure diy ether at -20°C, 
was obtained fiom nittoso-f{-mcth>l amino-isobutyl methyl ketone 
and ten pei cent c.untu alcoholic potash. It represented 2.5 gm 
diazomethane gas and this quantity of dia/omethanc was decidedly 
more than icquired for the reaction. 

In one of the holes of a double bond thoioughl\ waxed cork, 
which exactly fitted the neck of the flask containing diazomethane 
solution, to foi m an air tight joint, a dropping funnel was insetted. 
Through the other boie passed a delivery tube bent twice at right 
angle in the same direction The longer arm of the tube was fitted 
in another double boicd coik, the othet boie of which carried an exit 
tube. This cork was fitted to a second Mask containing about 50 c.c. 
ethci. A calcium chloride guard tube was fitted to the dropping 
funnel in the fitst flask, by lemming its stopper The whole arrange¬ 
ment was so made as to exclude any moisture from coming into con¬ 
tact with the reacting materials. 

10 gms. fieshly distilled t hloridc was dissolved in 50 c.c. pure dry 
ether and put in the dropping funnel, fitted to the flask containing 
diazomethane solution at -20°C in ether. The solution of the chloride 
was (hen slowly run in, drop by drop in the diazomethane solution 
with continual shaking. This operation took about half an hour. 
The speed of addition was so iegulatcd as not to change the tem¬ 
perature of the diazomethane solution appreciably. After the addition 
was over, the mixture was shaken thoroughly and the temperature 
maintained at -20° for another half an hour. It was then allowed to 
rise slowly. At -8°C, gas evolution was observed to occur in the 
solution. The gas evolution of the reaction mixture was allowed to 
complete at a temperature -8"C to -5°C. The reaction mixture wa$ then 
left to stand over night, and the maximum temperature attained by it 
during that period was 18°. At the end of this time the colour of .liazo- 
methane still persisted, as decided excess of the reagent was used. The 
ether and excess of diazomethane were removed at the pump and the 
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residue was stoicd at .1 diminished pressure. 40 gms. chloride was 
converted into the diazo-compound in small batches of 10 gm. each and 
the combined lesidue was used for futthei leaction, in two instalments. 


2 

Cvoi.oHhXANL-l-Acn ic> 1 -Propionic. Acid 

CH. CH,\ C1H.COOH 

Clf 2 ' ' Cc 

nCH,- CH CH, CH, COOH 

\ gms. ammonia gas liberated from b N ammonia and caustic Soda, 
was dissolved in 120 c.c. absolute alcohol at a tempo*atutc O’C. The 
residue obtained after the inlei action of dia/omethan'* and the ehloiide 
(20 gm.) was dissolved in 60 c.c. alcohol mixed wiih above ammonia 
solution. 8 c.c. of 10 % silver nitiate solution was then added and the 
reaction mixture was allowed to stand over night. Next day 60 c.c. 
ordinary alcohol was added to the solution to decrease the concentra¬ 
tion of ammonia, and the solution was then warmed on a water bath. 
The heating was continued and the leaction was never allowed to 
become vigorous. The maximum temperature reached at the end of 
four hours was 7()°C. Then the gas evolution ftom the solution ceased. 
The reaction mixture was filtered hot. The filtrate on dilution with 
water deposited the amide in a very fine form and it settled down 
very slowly. It was hydiolysed with 10 % caustic postash by heating 
it under reflux with alkali for live hours. The alkaline hydrolysis 
mixture was cooled and acidified with 2 normal sulphuric acid. 
The acidified solution was saturated with ammonium sulphate and 
repeatedly extiactcd with ethci. The ethcieal extiacts were com¬ 
bined, dried with sodium sulphate and the solvent ethei lemoved. A 
slightly sticky brownish solid mass was thus obtained. It was washed 
with small quantities of chloroform, which dissolved the coloured 
substance and a little of the solid as well. The chloroform extract on 
evaporation left a liquid residue. The white solid left after chloro¬ 
form treatment was washed with petrol ether in which it was insoluble 
and was crystallised from benzene. It was very soluble in ether and 



L. D. Tewari and J. D. Tewari 


n 

dissolved in hot water, and was cyclohexane-1-acetic-1-propionic acid. 
M.P. 169°C. Itfoims a silver salt which explodes on heating. 
(Obtained Ag = 50.45 %, C U H, 0,Ag i requires Ag = 50.47 %. On 
combustion the compound gave the value, C =61.62 %, H=8.39%: 
CnHuiO, requires C-61.68%, H= 8.41 %. 

3 

Ethyl-hydrozen-cyclopentanf. Diacetate 

60 gms. ey< lopcntanc-1: 1-diacctic acid prepared by Norris and 3 
Thorpe’s method, was conveited into its anhyride by heating it under 
reflux for three limits with 50 c.c. acetyl chloride. After the removal 
of acetyl chloride the residue was extracted with dry ether and the 
ethereal extract on removal of the solvent yielded the anhydride of 
cyclopentane-1: l-diaccti( aiid. 

50 gms. cyclopcntanc-1 : 1-diacetic anhydride was dissolved in 36 
c.c. absolute alcohol and heated under reflux for six hours on a steam 
bath. 100 c.c. water was added to the residue and the precipitated 
oil was taken up in ether. The ethereal solution was extracted 
repeatedly with sodium carbonate. The alkaline extracts were com¬ 
bined and acidified with dilute hydrochloric acid, when the acid ester 
separated as an oil. It was treated with ether in which it dissolved 
and thus extracted from the acidified solution. The acidified solution 
was shaken with ether three times and combined ethereal extract was 
dried with sodium sulphate after washing it free from acid. The ether 
was then removed and the residue which was the acid ester of cyclo¬ 
pcntanc-1:1-acetic acid was tested for its purity by converting it 
into silver salt and determining the silver content (Ag=40.94 %, 
C lv H n O,Ag requires Ag = 41.12 % j . It distills with decomposition at 
180‘-182°/3-5 m.m. 

Conversion of acid ester into chloride 

32 gms. cthyl-hydrogcn-cyclopentane-1 : 1-diacetate was treated 
with 28 c.c. thionyl chloride and was refluxed for three hours, heating 
it on a water bath. The temperature of water in the bath was raised 
slowly to a maximum of 80*C towards the end. After the refluxing 
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was over the excess of thxonyl chloride wis trained undei reduced 
pressure and the residue vacuum distilled In chi Hide distdlcd at 
125° 128°/4 9 m in yield HO gms Twe mstilm nt ol 16 gm etch 
were treated with diazomethane end subjeetc l t lutthc uactions 

Rh ACT ION WI1H DiA/OMITIlANI 

A solution of 3 gms diazomethane in 300 e c puic cliy cthei wis 
cooled to 20 C and a solution ol lb gms ihlondc pupared as above 
in 50 e c pure dry ether vis slowly iddcd dunng lj minutes with 
continuil shaking ol the uution mixture The tcmpcratuie wis 
allowed to use aftei the iddition wis ove When the temperature 
reached 15 G g is evolution Inm the reietion mixtuie was obscived 
and this was illowed to complete between 12 C< and h L by e ire 
fully manipulating the tempcratuie It was then leftover night ind 
the maximum tcmpcratuie leiehcd by the reution mivtuie chirm., 
that pel lod was 18 C. The colour ol dnzomethine still persisted 
Ether was removed at the pump and the icsidue convened into amide 
as follows 


Gyclopentan* 1 AGLric 1 Propionic acid 

CH 2 —CH 2 ^/GHCOOH 
GHj —CH 2 ^CHGHGOOH 

3.5 gms immoiua gas wis dissolved m 100 ce absolute alcohol 
at 0*C. The icsidue obtlined from the pievious expenment wis 
dissolved in 50 e c. alcohol and w is iddcd to the solution of ammonia 
7.5 c.c. of 10 % sdver nitrate was also idded and the whole was 
allowed to stmdover night. Next diy it wis diluted with 50 ce 
alcohol and caicfully heated on a witei bath Gis evolution was 
noticed at 50 G The temperature of the bath w is raised upto 70 C 
dunng three houis heating This leiction mixture wis filtered hot 
and then diluted with witcr when the imide wis precipitated 
as a fine powder. This imide was hydrolvsed by refluxing it with 
10 % caustic potash for six houts The ilkaliuc solution was coolc 1 
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acidified with 2 noitnal sulphuric acid, saturated with ammonium 
sulphate and extracted several times with ether The ethereal 
extracts were combined and the solvent was it moved after the extract 
had been washed and clued over sodium sulphate. The residue, 
which was semi-solid and stneky was \\ ished with chloroform. After 
the chloroform washing, the sol'd which was left, was crystallised from 
ether, when it was obtained as a white uystalline substance melting 
at 173 G. This was eyclo-pcntme 1-uetic, -1-propionu acid. It 
formed a silvci salt. y Ag 52.0 obtlined, C 10 H, 04-Ag requites 
Ag = 52.12 %). It contained C 1 2 3 59.96 °,, II 8.1 ^ C,H A 04 
rcqmres C = 60.0 % H = 8.0 %. 

Chemistry Department. 

Allahabad University. 

\ B -There is difference bi tween the melting points, the icid ptepired by 
Non is melts at 142° uid the sunc acid pitp ucd by the tuthois by diilucnl method 
melts'll 160° Impuiitv m ly he the cause the in tlysis of the innde which was not 
separated by the "tuthors but hydrolysed in situ is now undo liivcstigition md the 
authors are now picpiring the acid by Norm method also, and i compirision of the 
two samples prepared by different methods will icvcal their identity or otherwise 


(1) Thole and Thoi pe. J. 1911, 440. 

(2) Norris. J. 1926, 250. 

(3) Norris and Thoipt. J. 1921, 1208 



COMPARATIVE EXPERIMENTS WITH INORGANIC AND 

ORGANIC MANURES REGARDING THE NITROGEN 
POSITION OF THE SOILS. 

PART I 

N. R. DlIAR \ND B. G tHAlihRJH* 

* UMM \RY 

1 ( owdung (furnyud mm lie mem k if (Nfclii i/idn ichti Linn) ind other 

c irhi n ire us subst inc c s \\ hen ad k llothes il fi\ niti I the ur md imprrve 

the mtr H cn st itus whilst with un iDnium s ilph tU tlie inti )t,cn stitus rtmuns 
st'itioniry By idding tw ) d >sc s I these tirbmitems substint s the mtiogen con 
tent of i soil in All ihiktd w is 1 used It Jin 0 * M b t ) 0 00 0 with wet rowdung it 
the i itc < f68 tons per tcic with neeni led it the i Ut cl 50 tens pc r ure it went upt > 
0 0815 % whilst with imm mum sulphite even it the i vie j( 742 lbs of nitrogc i 
per acie there w is no incienst ot tot'll nitre gen dtci thtee months Lven with 1484- 
lbs per irre the mtiogen status wis not impioved 

2 These results obt lined in Jndn ire in agteement with those obtained in the 
clissinl experiments it RothimsUd 

On the appheation of farmyard manure in Rothimsted fields for 
a number of years the soil nitrogen which w is originally 0.122% 
rose to 0.256% from 1812 to 1911 whilst the soil without my manure 
fell to 0.095% With complete artificials the stitus of nitrogen was 
0.099%. Russell 1 his report!d that (he yield of buley md straw with 
firmyard manure in the Rothimsted field expenments was bettei 
than that obtained with complete artificial manures. The following 
data 2 fiom the Rothimsted fields present a cleai picture of the 
nitrogen position of some of the plots — 

Total nitrogen balance sheet (1865 1914) m top nine inches 

of soil. 
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Fatmyard 

manure. 

No 

manure 

Complete 
Plot 7 

Artificials 
Plot 13 

Total nitrogen in soil in 
1865 in lbs. per acre. 

4850 

2960 

3390 

3320 

Total nitrogen in soil 
in 1865 per cent. 

0.196 

0.114 

0.123 

0.121 

Total nitrogen in soil 
in 1914 in lbs. pet 

5590 

2570 

3210 

3240 

acre. 





Total nitrogen in soil in 
1914 in per cent 

0 236 

0.092 

0.120 

0.122 

Total change in 49 

f 740 

- '390 

-180 

-80 


years in lbs. per acre. 


In order to bid out whether these results are reproducible under 
Indian conditions, experiments have been taken up at Allahabad in 
the laboratory and under field conditions. Ammonium sulphate, 
freshly plucked neem leaves (Melia azadiraehta Linn), fresh cowdung, 
oil cake and straw were added to the soil in different com entrations 
and the doses were repeated when the cat bon/nitrogen ratio of the soil 
treated previously with manures attained the value of 10:1. 

Experimental. 

1. 250 grms. of soil were placed in 6 dishes and 6 pyrex glass 
flasks. About 40, 20, and 10 grms. of cowdung were added to various 
dishes and flasks and thoroughly mixed. The original C and N con¬ 
tents of these mixtuies were estimated by the modified Kjeldahl 
method’. For experiments under sterile conditions the flasks were 
sterilised in an autoclave at 15 lbs. pressure for 30 minutes and the sets 
were then placed in light and in the dark by covering them with black 
cloth. 

2. Similar experiments were carried on with different concen¬ 
trations of neem leaves. The doses added were 15 grms., 8 grms., anti 
3.5 grms. to 250 grms. of soil. 
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with necm leaf was 32 millions and 122 millions, though the efficiency 
in both the cases was approximately double in light than in dark. 
The following medium was used for Azotobacter counts:— 

Tap water ... 1 litre. 

Mannite ... 20 grms. 

K 2 HP0 4 ... 0.2 grm. 

Agar ... 20 grms. 

Sanai (Crotalaria Juncca—recommended as an excellent manure 
by the agricultural department)’ and wheat straw were also tried in 
dishes mixed with soil. They are oxidised very slowly The efficiency 
with wheat straw is 24 in light and 11.2 in the dark, whilst the 
efficiency in case of sanai is low', 3.7 in light and 3.3 in dark. 

Ammonium sulphate when added to the soil gets completely lost 
in three months mostly as nitrogen gas dining the foimation and decom¬ 
position of the unstable substance ammonium nitrite". Carbonaceous 
matter apart from nitrogen fixation acts as a protector of nitrogen when 
added with artificial manures. 10 grms. of cowdung in 150 grms. of 
soil reduced the loss of 0.06% of added ammonium sulphate nitrogen 
from 69.16% to 44'3% in one month. 

A typical table showing the fixation of nitrogen by the oxidation of cowdung. 

First application of cowdung in the field. 

56Kg. of cowdung in plot 4' x 4's 136 tons, per acre. 

EXPOSED 


Date 

Total -C.% 

Total —N%. 

Efficiency 

23-5-’47 

1.446 

0.0920 

■ •• 

25-6-’47 

1.304 

0.0941 

15.0 


COVERED 



23-5-’47 

1.452 

0.0928 

« • • 

25-6-’47 

1,372 

0.0934 

7.5 
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28 Kg. of cowching in plot of 4' x 4's 68 tons, per acre. 

EXPOSED 


Date 

Total G% 

Total -N% 

Efficiency 

24-5-’47 

0.932 

0.0652 


26-6-’47 

0.801 

COVERED 

0.0673 

16.2 

Date 

Total C% 

Total -N% 

Efficiency 

24-5-’4 7 

0.946 

0.0678 

,,, 

26-6-’47 

0 871 

0.0681 

8.0 

Second application of 

cowdung in the field. 


56 Kg. ol cow dung in 

1' 1’ plot - 136 

EXPOSED 

tons per acre. 


Date 

Total c:% 

Total N% 

Efficiency 

15-11 -’47 

2.088 

0.1458 

• • • 

10-V48 

1.596 

COVERED 

0.1517 

12.0 

15-11 -’47 

2.146 

0.1476 

• • • 

10-3-M8 

1.865 

0.1496 

7.1 

28 Kg. of cowdung in 

4' x 4' plot 78 tons per acre. 

EXPOSED 


Date 

Total C% 

Total—N% 

Efficiency 

ir>-i i-’i7 

1.1214 

0.0856 

■ • • 

10-3-’ 18 

0 893 

COVERED 

0.0901 

14.1 

15-11-’47 

1.249 

0.0942 

• • 1 

10-3-’48 

1.064 

0.0956 

7.5 


A typical table showing the fixation of nitrogen by the oxidation of neem leaves 
12 Kg. of neem leaves in 4'x 4' plot s 36 tons per acre, 
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100 grms of soil (C%-0 18b, N%-0 0186) +0 2828 gim of 
ammonium sulphate (0 06% mtiogen) 


Condition 

Homs 
Of exposure 

Date 

Total — 

c% 

1 otal— 

N% 

0 Loss 

Exposed 

0 

16 8 ’47 

0 186 

0 0986 


Covcied 



0 186 

0 0986 


Exposed 

200 

18-9-M7 

0 184 

0 0571 

69 16 

Covered 



0 186 

0 0709 

16 16 

Lxposed 

600 

27-11- 17 

0 184 

0 0384 

100 0 

Covered 



0 384 

0 0386 

1000 

100 gims soil +0 1114 grm 

of ammonium sulphate (0 01% 

nitrogen ) 
Exposed 

0 

16-8-*47 

0 386 

0 0686 


Coveicd 



0 186 

0 0686 


Exposed 

200 

18-9-*47 

0 384 

0 0434 

84 00 

Covered 



0 384 

0 0507 

59 67 

Exposed 

600 

27-11-’47 

0 184 

0 0184 

100 00 

Coveted 



0 384 

0 0390 

98 70 


1 he forgoing results show conclusively that repeated application 
of cowdung and neem leaf enrich the soil markedly by me teasing the 
mtiogen by fixation as well as ictaining the added nitrogen whilst 
ammonium sulphate docs not impiovi the soil mtiogen |x>sition 
These results arc in agreement with those obtained in Rothamstcd 

Chemical Laboratories, 

Allahabad University 


REFERENCES 

1 Russell . * boil conditions and plant growth* Ed 1932, 
pp. 78 

2. Russell ‘Soil conditions and plant giowth’ Ld 1932, 
pp 361 

1 Robinson, McLean & Williams J Ague Sci 1929, 19, 
315 



32 


N. R. DhAR AND B. G. CHAI-IKRJEfc 


4. Dhar and Mukerji ... Proc. Acad. Sci. U. P. 1934,4,175. 

1935, 9, 330; 1935, 5, 61. 

5. Clarke ... Presidential addiess-Science congress Allahabad— 

1930. 

6. Dhar ... Proc. K. Akad. Wctcnsk. Amsterdam. 23, 308, 

1920. 

Nature, 1934, 134, 572. 



LOSS OF NITROGEN IN BACTERIAL NITRIFICATION 
OF NITROGENOUS MANURES 


PART I 

N. R. Diiar and M. C. Pant 

Russell 1 has stated that “The essential facts of nitrification arc 
readily demonstrated by pu-tting a small quantity of soil—0*2 to 0*5 
gm. into 50 c.c. of a dilute solution of ammonium sulphate containing 
nutrient inorganic salts and some calcium or magnesium carbonate 
but no other carbon compound. After three or four weeks at 25° the 
ammonia is all gone and its place is taken up by nitrates. The con¬ 
version is almost quantitative, only an insignificant quantity of nitrogen 
being retained by the organism.” 

In several publications since 1934, Dhar 2 " 0 and coworkers have 
recorded marked loss of nitrogen during nitrification of organic and 
inorganic nitrogenous manures. Similarly the experiments carried on 
in Rothamsted 7 fields show that when about 100 lbs. of nitrogen per 
acie as ammonium sulphate arc added about 05% are lost without 
benefit to the soil or crop. We have explained this loss on the view 
point that in the process of nitrification in nature the unstable substance 
ammonium nitrite is formed and this decomposes" readily into nitrogen 
gas and water. Moreover we have emphasized that the amount of nitrate 
produced in a soil on the addition of a nitrogenous manure need not 
be the measure of the amount nitrified, as the loss of nitrogen in the 
gaseous state usually exceeds the amount of nitrate obtained in 
nitrification. 

In order to test whether a similar loss of nitrogen during the 
bacterial nitrification of nitrogenous manures takes place we have 
undertaken a systematic research on this line. 
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EXPERIMENTAL — 

The following culture medium was prepircd foi the giowth of 
nitrifying bacteria and the nitrification to take place 


Potassium phosphate (X HPO ) 
Sodium chloride (NtC 1) 

Ferrous sulphate (IYSO ) 

Distilled water 

Magnesium c irbonate (MgGO ) 


1 0 gum 

2 0 gi lins 
0 1 gi lm 
1000 t c 

1 xcess (0 5 gm pei 
100 c c ) 


50 c c of this culture solution wis pi iced m 300 c c conical 
flasks (Pyrex) after thoioughly sinking it The flisks wei plugged 
with absorbent cotton wool and wete stciihzcd in an mtoclave it 
15 lbs pressure fn 30 minutes A 10 ^ solution of ammonium sulphate 
was prepared and sterilized separately I iom 1 cc tolOcc of this 
ammonium sulphate solution wis added to vinous flasks with the 
culture solution by a sterilized pipette 1 gi im fush gulden soil wis 
inoculated in eaeli flask The fl isks wc re then me ub ated at 1 > 
(±0 5°) for a period of 7 weeks and then in il>sis w is m ulc by the 
following method 

The solution after incubation was lciehed with potassium 
chlonde water (5%) and aftei Alteration was made upto 2a0 c e The 
ammoniacal nitrogen left was estimate! by developing coloui with 
Nessler s reagent and eompanng with i stand ird solutien (0 0004% 
nitrogen) of ammonium sulphate by a Duboscq cole limetei 

50 c c poition of the leached solution was taken m a flask and 
distilled with dilute solution of caustic soda (1%) The ammonia 
liberated was trapped in dilute sulphuric aeid and w as estimated colo 
nmetncally Now to this distilled solution was added Devarda s alloy 
(2 Ograms) and 25 e c of 1% caustic soda solution and the flask was 
well corked and kept overnight The mtnc nitrogen was reduced to 
ammonia This was again distilled next day and nitrogen was 
estimated as above Thus the an moniacal and mtnc nitrogen weie 
estimated The following results were obtained — 



Loss of Nitrogen in Bacterial Nitrification 
Table — I With ammonium sulphate 


35 


S.N. 

Oi twin'll 
Solti, m 

t.L 

N content 
N t^r tin 

NH ,_N 
IcU 

NON 
lmiw d 

lot il N 

1( It 

1 .ul N 

1. SS 

r nss 

I 

10*0 

0-2121 

0 1^2 

0 0170 

C 1 500 

0 Uhl > 

20 9 

2 

7 0 

0 1 l« r ) 

0 0770 

0 0100 

0 00 *0 1 

0 0519 

37 1 

3 

r )0 

0 10()1 

0 0280 

0 0152 

0 0411 1 

0 0020 , 

58 1 

4 

2 0 

0 0421 

0 0031 

0 0110 

0 0140 

0 027 r > i 

61 6 

5 

1-5 

0 0 {18 

0 0010 

0 001 0 

0 0009 

1 0 0219 

68 5 

6 , 

I 3 

0 t)>75 

0 0008 . 

0 oon 

0 0049 

0 0226 

81 8 

7 

!•() 

0 0210 

0 000 i 

0 00 4 

0 0030 

; 00171 

12 0 . 


Similar cxpiimunts wcu pttfoinud with ammonium peisulphate 


and ammonium pliosph ite solutions as souiu ot immoiiiu.il nitiog(n 
and the following usults iuk obtuued tfttt anilysis 

Iahii II With ammonium pt 1 sulplnl< 


S N 

Ougn il 

N unite nl 

Nil, N 

NO, N 

l til N 

lot ll N 

/loss 

Snln. in 
c c 

N mm 

ldt 

it lined 

uit 

loss 

1 . 

10 0 

0 315 1 

0 21 t 

0 0)10 

0 273S 

0 0120 

13 3 

2 1 

7 0 

0 >211 

0 1472 

0 02.0 

0 1692 

0519 

23 1 

* 

5 0 

0 1179 

0 0888 

0 0182 

0 1070 

(1 0509 

1 522 

4 

3 0 

0 0 ) \1 

1 ( 0272 

0 0142 

00114 

0 0513 

1 5< 3 

5 

1 0 

0 0 316 

ll LU 

00113 

0 0113 

0 020 > 

64 2 



Iabil— 

-III With ammonium phosphate 


S N 

Original 
Soln in 1 
c c 

N content 
N grim 

NH _ N 
left 

NO,_ N 
fount d 

Totil N 
left 

lotilN 

loss 

%Loss 

I 

1 

70 

0 1485 

0 0714 

0 0180 

0 0894 

0 0591 

39 8 

2 

0 

0 1061 

0 0528 

0 0072 

0 0400 


62 3 

3 

20 

0 0424 

0 0069 


, 0 0124 


70 7 
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From the above results it can be easily seen that the original 
mtiogen taken and the nitrogen left after the experiments is not balanced 
but a considerable loss is recorded Hence Russell’s statement is not 
confnmed and there is considerable loss of nitrogen in bacterial nitri¬ 
fication as in otlici natural conditions when nitrogenous manure is 
added to soil 

Chemical Laboratories, 

Allahabad University 


1 

2 

3 

1 


5. 

6 

7 

8 
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J lndiin. Chem Soc 1938 XV, 58> 

N iture, 1934, 134 , 572. 

‘Sent condition md plint growth . 19J2Ld., pp 361 

Pioc.K. Acid Nil. Amsteidim, 23 408, 1920. 



GROWTH OF YEAST IN VARIOUS ORGANIC AND 
INORGANIC FOOD MATERIALS 

By 

N. R. Dii\r and Krishna Bahadur 

Yeast is usually grown in sugars and malted barley. Recently we 
have developed a new icthnic by which yeast has been grown in 
solutions or suspensions of ethyl alcohol, starch, glycerol, oils gelatine, 
urea and even ammonium salts used as food materials. In this technic 
the yeast is giown in a suitable medium containing organic or inorganic 
food materials under sterile condition by passing a current of air which 
has been previously bubbled through strong sulphuric acid and distilled 
water. 

It seems that in this process the starch or alcohol or glycerol or 
gelatine is partially oxidised to carbon dioxide and water and this 
energy of oxidation is utilised by the yeast for growth. A part of the 
organic compound is also utilised as food material for cell reproduction 
by the yeast. 

With ammonium salts by passing air in presence of yeast the 
energy is obtained by the oxidation of the ammonium salts to nitrite and 
nitrates. In this ease the carbon requirement for the growth of the 
yeast comes from carbon dioxide of the air or from the carbonate added 
to the yeast. In absence of oxygen or air growth of yeast in inorganic 
medium seems impossible. In ease the alkalinity of the medium 
increases on passing air yeast can not multiply and even die. 

The oxidations of sodium sulphite, sodium nitrite, sodium thiosul¬ 
phate, powdered sulphur, sulphuretted hydrogen solution, are being tried 
for the growth of yeast in the inorganic medium. It seems that this 
technic may be useful to bacteriologists in growing microorganisms 
which develop with dieffiulty. 












ENERGY LEVELS OF Hgl ANDj ITS PRODUCTS 
OF DISSOCIATION 


By 

* Bisiiwanath Bhattaciiarya. 

DlPARTMI NT OF SpECTROSO JPY, BLNARES IIlNUU UnIVIRMIY 

(Communicated by Prof. R. K. Asundi.) 

Received on Feluuary 14, 1948. 

Abstract 

A review of the Spectiosropic work done 10 fir in mercury iodide has been 
given and the energy levels of the molecules Hglj, llgl and their atoni'c products 
of dissociation have been plotted with respect to the ground level of Ilglj fiom the 
available thermocheinical and spectroscopic data. A correlation of the levels of Hglj 
with the levels of the dissociation products has been suggested in the paper 

Introduction 

For a satisfactory explanation of the spectra of triatomic molecules 
it is obviously an advantage to possess as complete a knowledge of the 
spectra of their component diatomic molecules as possible. A definite 
correlation between the two spectra will then be possible thus leading 
to a better understanding of the structure of the di - and triatomic 
molecules which may be derived from the related products of 
dissociation. The importance of such information for the theories 
of valency is obvious In the case of multiatomic molecules such a 
procedure is much more difficult because the process of dissociation 
from multiatomic molecule to diatomic molecule will involve molecules 
of intermediate complexity about whose spectra very little is known 
with certainty at the present time Yet even here a large amount of 
experimental work mainly on the absorption spectra of multiatomic 
molecules in the vapour state has been utilized for such purposes 
of correlation A detailed account of such work is given in an article 
on “The Dissociation Spectra of Covalent Polyatomic molecules” by 

•This is a revised form of a piper entitled “Energy levels of Hgl a and its 
products of dissociation” read in the Joint Session of the Indian Academy of 
Sciences and National Academy of Sciences at Allahabad in December 1946 . 
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Samuel (1915). From this point of view the mercuric iodide molecule 
Hgj 2 suggests itself as a suitable molecule for investigation because 
both the absorption spectrum of IlgL And the emission spectrum of 
Hgl have received considerable attention from workers. 

It is known from Raman Effect and other data that the triatomic 
HgT, is linear in structure like GO_. with a frequency of valence 
vibration of about 150 cm' 1 * *. The absnrpt ion spectrum of the vapour 
of this molecule gives ii.se to a large number of continuous bands 
The corresponding diatomic molecule Hgl appears also to possess 
a large number of band systems which arc observed only in emission 
and fluorescence but not in absorption.* Many of the emission bands 
are not yet systematised Thcie is also no conclusive ’evidence to 
show whether the emitter of all these numerous emission bands is the 
diatomic Hgl molecule or some of them aic due to the triatomic Hgl , 
molecule. 

From experiments on electronic collision with mcrcuiic iodide 
vapour Pavlov and Leipunsky ( 1926j found four critical potentials at 
1 1 volts, 2 7 volts, 6.2 volts and 7 8 volts The first two critical 
potentials at 1 4 volts and 2 7 volts similar to the other two ought 
normally to exhibit themselves in the absoi ption spectrum of Hglj 
In other words the HgL vapour should also show two absorption 
bands at wavelengths H809A and 4568A corresponding to these two 
energy values No such absorption bands have been recorded so far 

**C'f Kuhlrausch: Der Smckal-R.unm Elicit, page HI (1931 Edition) 

•It is lemarkable that none of the b inds observed in emission or fluorescence 
with murcury iodide arc observed in absorption. Similar situation is met with in 
mercury chloride. A suggestion to explain this is made by Wieland (1945). He 
has calculated the cquilibnum constant K _p of the reactions HgCh=HgCl-|-$Cl 2 
IIgCl=»Hg+ lCl a and l T gC!lj^-Hg+Cl a from the known ftec energy functions of 
Hg, Cl Jf HgCl and HgCb. 'the calculations go to show that even at very high 
temperatures the percentage of IIgCl 2 molecules dissociating into HgCl and Cl is 
negligible and that most of HgCl molecules formed by such a dissociation are 
further dissociated into mercury and chlounc. It is also thought that similar 
results hold good for mercuric bromide and mercuric iodide. 
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in the absorption spectrum of murcury iodide It may be mentioned 
that Kondratjew < 1930, 1931) has recorded a weak absorption band in 
the region 4800-3900A which on experimental grounds is, however, 
attributed by him to an ionic mercury iodide molecule Similarly 
Rjo (1912) lias given a very shoil notice of some discrete absorption 
binds in the region 4600-4100A which were recorded feebly in his 
experiments on the absoiptinn of mercury iodide vapour and which 
according to him requited furthei investigation 

An attempt in the explanation of the absorption bauds has been 
made by Butkow (1931) and Wicland (1932) already. Both of them 
attribute the absorption maxima to different processes of dissociation 
of Hglj into Hgl and I. This is not very s itisfactory. For example 
Wieland assumes four excited states of the Hgl molecule within 4.5 c v. 
of the ground level whereas in reality only two are known for certain in 
this range. 

In view of the above facts it was thought desirable to collect the 
known relevant data on the speetta of the two molecules with a view 
to their correlation. Experiments on the absorption spectrum of 
Hglj in the vapour and the solid states with a view to locate the 
expected band in the visible region which, however, have given a 
negative result are also biiefly described. 

A Survey of Previous Spiclroscopic work on mercury iodide . 

(A) Work in emission and fluorescence. 

Peirce (1878) seems to have been the first person to undertake a 
spectroscopic study of mercuric iodide. He used Geissler discharge 
tubes containing the salt and on excitation found continuous bands 
in the region 4450 -4420 A in emission. Jones (1896, 1897 / extended 
the observations in the ultraviolet. The latter observed diffuse bands 
from 4396 to 2538A. The intensity of the bands had a sharp maxi¬ 
mum at 4441A and gradually diminished towards the violet. 143 band 
heads were grouped in three series. Strutt (1911) found that mercury 
Iodide when excited by active nitrogen emitted violet light which 
consisted of bands. Strutt and Fowler (1912) closely investigated 
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this spectrum and observed a we ik band at 3I30A which is attributed 
to iodine, the atomic line 2536A of mercury and a baud having a 
very great intensity in the range 1455 to 4390A and extending up to 
3700A. Chapman (1914) introduced nurcuru iodide into a discharge 
tube of the usual type fitted with aluminium electrodes, exhausted to 
about '08 mm, sealed off and excited by the discharge from an induc¬ 
tion coil. Without heating the tube the spectrum showed “the lines 
of mercury and iodine, besides those due to the residual air.” After 
the tube was sufficiently heated to \aporize the mercuric iodide to a 
considerable extent, the character of the discharge radically changed, 
becoming an intense violet in colour. In addition to the lines of 
mercury and iodine there appeared “a brilliant band shading off 
towards both the red and the violet from about 4420A to 1450A.” 

Terenin (1926, 1927; observed a very bright visible fluorescence 
of mercuric iodide jii the violet region when the vapoui of the salt at 
low pressure was illuminated by a spark. The fluorescence bands 
had a rather sharp intensity miximum at about 1400A and a conti¬ 
nuous falling off in intensity down to about 1000A. The lines which 
stimulated these bands were strictly confined to the region 2200 - 2100A. 
Primary dissociation of the triatomic molecule Hgl a into an unexcited 
binary state Hgl and an iodine atom which may or may not be 
excited was believed to take place in the course of the excitation of 
these fluorescence bands. 

Wieland (1929) investigated the spectrum of mercury iodide 
activated in Geissler tubes in the range 7000A to 2300A. He divided 
the bands into three systems. The first type consists of ‘ band heads 
fitting a series formula of the Deslandies type but not satisfying 
Mulliken’s isotope equation.’ These bands were ascribed to the 
diatomic Hgl molecule. The second type of bands have a triple 
structure and were originally ascribed to the triatomic molecule Hgl*. 
In the light of the later work of Wieland (1932; in fluorescence these 
bands were also ascribed to the diatomic molecule Hgl. Band system 
of the third type consists partly of diffuse bands and partly of con¬ 
tinuous spectra. 
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Wieland (1932) investigated the fluorescence bands stimulated by 
sparks from different metals and using suitable filters. The mech¬ 
anism was associated with the following equations 

Hgl a + /o-'/-»HgI*+I 
HgI*->HgI f hvy 

where h(v a '~vf)p the dissociation energy of IIgI,->HgI + I. Four 
band systems designated by B, G, D, E in the regions 4450-3500A, 
3100-2800A, 2800-2650A and2700- - 2500A respectively were observed. 
The following approximate formulae were suggested for the fluo¬ 
rescence bands : 

System C : v = 32784+ (233- W -2\25 v'~) — (124i>”- 10&"- 8 ) 

System D : v = 36130+ 175 o'-120 v" 

For system B no analysis is given but the occurrence of the wave 
number intervals 120 cm -1 and 180 cm -1 is mentioned. 

Prileshajcwa (1932) observed two broad band systems in the 
regions 2114- to 2160A and 2168 to 2240A in an electrical excitation 
of mercury iodide and gave 125 cm' 1 as the vibration frequency of 
Hgl. Subbaraya, Rao and Rao (1937 ) measured the bands ofsystem 
B in the first order of a 10 ft. concave grating on Rowland mounting. 
The spectrum was excited in emission in their experiments with a trans¬ 
former discharge. The bands were found to be double-headed. The 
measurements of Subbaraya, Rao and Rao were found to be in close 
agreement with those of Tercnin but were discordant with Wieland’s 
values. The analysis of these bands as proposed by Subbaraya, 
Rao and Rao suggested the bands to arise due to an electronic transi¬ 
tion between a and a *2 state and showed that they have not got the 
same lower level as systems G and D. Sastry (1941, 1942) excited 
the mercury iodide bands in emission by both a transformer and an 
induction coil discharge and measured the bands of system E (in the 
region 2700- 2530) with a Hilger E x quartz littrow spectrograph He 
obtained in addition to the previously reported bands a new band system 
between 2530-2560A designated originally as system A and later by 
Rao, Sastry and Krishna murti (1945) as system F The system E was 
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found by Sastry (1942) to consist of two components and having a 
common final state and an electronic width of about 766 cm" 1 , the 
band heads being given by the formulae. 

a 4 System: v — 38786*7 + |^47 7 (z/' +J)-0 8 (»' + |) 3 J 
-[55-2 (»" + h-0-8 (o'' + |r] 

System: v ~ 38022i - J^44 2 (®' + J)-0-4 (/+ J; a j 
-[55-5 (»"+J;-0 8(r"+ l 9 ] 

The vibrational frequencies involved in Sastry’s « x and P x sub¬ 
systems in the band system E are of the light ordet of magnitude for 
the deformation frequency of the triatomic Hgl 2 molecule. The 
deformation vibration of HgL, has, however, been found to possess a 
frequency of 33cm" 1 (Sponer and Teller, 1941). It is therefore 
difficult to understand the above analysis of Sastry’s bands. 

The system F was attributed by Sastry to a transition 2 ii to 3 2 
showing four component heads and an electronic separation of 126 
cm -1 . The analysis docs not show any level in common with the other 
bands of Hgl. For the Q_ x heads of system F the following vibra¬ 
tional formula has been given: 

v-39231*1+[98*1 (p' + i)-2*l (o'H)*] 

-[92 7 (»"+|)-2 0 (*"+!; 2 ] 

The systems C and D were reinvestigated by Rao, Sastry and Krishna- 
murti (1945) who have given the following vibration formulae: 

System G: 

v-32730*9+ |j235 6 (»'+*)-2*16 (i''+£r*] 

-[l25*9 (»"+*)-1-07 (»" + *)«] 



Energy Levels of Hgl ± and its Products 


45 


System D: 

v-36269-2 + ^178*0 (p' + |)-H4 (*'+J) a ] 

- [l25*70 (»"+ J) — 1 ‘ 10 + 

The two systems are suggested to be the two components of a 2 \\ to 2 2 
transition, the interval a iii/j being 3538 cm -1 . Rao and Rao 

(1946) have reported three band systems F,, Fj, F., in the regions 
2550-2500A, 2435-2385A and 2345-2300A respectively. F, comprises 
about 20 red degraded bands; Fj consists of a succession of closely 
spaced bands degraded to the red and F 3 consists of about fifteen 
diffuse and mostly headless bands. According to them all the three 
systems have the same lower state, presumably *2, as the systems G 
and D. They have also measured systems G and II (i.c. the systems 
originally obtained by Prileshajewa) under high dispersion and claim 
the existence of three distinct v" progressions in G. 

Hands of systems G and I) have been unanimously ascribed by 
all the workers to the diatomic Hgl molecule. Bands* of system B are 
double headed with a doublet separation of the order of 60 cm' 1 and 
having the vibration frequency of the emitter of the order of 270 cm” 1 
and 370 cm -1 . No electronic level common with s)stcms C and D 
has been found for system B and there is no conclusive evidence to 
show whether the emitter of this band system is Ilglj or Hgl. 
Wicland interpreted these bands as having their final level the same as 
that of G and D systems. But Subbaraya, Rao and Rao do not 
agree with this view. Their data on the bands agree with those of 
Tercnin but not with those of Wicland. The analysis of the new 
band systems F ls Fj, F 3 recently proposed by Rao and Rao obtain the 
band origins by extrapolation since the (0, 0) bands according to 
these analysis are not observed. The electronic levels of the excited 
states of Hgl obtained from these analyses have not been taken into 
account in this paper for the correlation of the energy states of Hgl, 
and its dissociation products. 
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(B) Work in Absorption 

Chapman (1914; photographed the absorption spectium of a 
solution containing mercuric iodide, potassium iodide and water 
Potassium iodide was used to bring the mercuric iodide m solution 
A solution of potassium iodide in water gave no absorption Chapman 
claimed that there is a definite lelationship between the emission and 
the absoiption spectia, so that the vibrating system responsible foi 
cmision is lcsponsiblc foi absorption in solution also Mellor* states 
that Sheird and Morris (1916) found with mercuric iodide continuous 
regions or bands between 6072 and 5845 A, 5605 and 5535 A; 5195 and 
5112A, 4828 and 4788A, 4506 and 4470A and 4450 and 4375A but it 
is not clear whether these bands were observed in emission or absorp¬ 
tion Most pi obably these obsei vations were made m the absorption 
spectrum of a solution of the compound Kondratjew (1930, 1911; ob¬ 
served a weak absorption in the vapour of mercuric iodide in the region 
4800-1900A which increases m intensity with overheating of the 
vapoui This absorption was atti lbutcd by him to an ionic mercuric 
iodide molecule The existence of this absorption is, however, doubt¬ 
ful as it has not been observed in any of the later investigations 
Hutkow (1931) investigated the absorption spectium of mercuric iodide 
both as a vapour and in solution in the range 7000A-1950A Three 
continuous absorption maxima at 2b80A, 2240A and 2080A were 
observed The intense maximum at 2240A appeared at a pressure of 
•015 mm and the maxima at 2080A and 2680A appealed successively 
as the pressui e was increased Simultaneously with the appearance 
of the third maximum a continuous absorption with its limit at about 
1950A appeals On a further increase of picssuie the limit of the 
last absorption shifted towards the longer wave-lengths and finally 
oveilapped the absorption maximum at 2080A The limit of the 
maximum at 2680A was also found to shift to the longer wave-length 
side with incicase of pressure and to reach 4400A at a pressure of 
1 — 1 atmospheres The maxima were attributed by Butkow to dif- 


* Cf Mell >r A Gompiehcnsive Treitue on Inorganic and Theoretical 
Chemistry, Vol 4 (1923) 
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fcrent states of dissociation of the molecule Thus the fast md second 

maxima were ittributed to dissociations with an unexcited Hgl mole¬ 
cule as one proluct of dissociation m cithci case m unixcitcd iodine 
itom being the other product of dissociation The lbsoiption speed i 
of the salt in solution clearly corresponded with that in the \ ipoui 
state, the influence of the solvent being to dimmish the numbei of 
maximi and to cause a slight shift of the position of tin maxima 
Ihus the solution of Hgl in ethmol exhibited two lbsoiption nnximi 
it 2725A and 2175A, the fust obviously co responding to the miximi 
at 2680A and the second to the maxima at 2240A md 2080A in the 
vapour state Wiefind (1912 extended the obseivitions to the 
far ultiaviolct legion upto 1500A and found 7 to 8 absoiption miximi 
C ontmuous ibsoi ptions with the intensity mixima at 2b60A 2 > 40\ 

1920A and 1720A ind binded absoiptions it 2080A uid 1800A weic 
observed The bands weie seen to be specnlly sensitive to smill 
piessure changes Thus the absorption bind at 1920A ippeared 
weakly at fiist it a pi ess me of 2 mms and with incic ising pic«suie 
was found to giadually spiead itself anti overlap the binds it 1800A 
and 1/20A The discontinuous stiueture of the bands at 2080A 
was found to develop between the pressuics 2 4 mm Tiom the short 
wavelength side commences a gradually broidcning probably con 
tinuous region ind ibovc 1600A possibly a discontinuous legion whose 
strueture overlaps the many line spectrum of hydrogen arising out 
of the hydrogen tube used as i source of the continuous radiation 
Wehrli (1940) analysed the ultiaviolct bands in the legion 2066 — 
2108A and obtained 156cm"' and 3 lem" 1 is the frequencies of 
v ilcnee and deformation vibrations in the ground stite of the molecule 
and 12b cm” 1 and 30 cm" 1 the corresponding vilucs foi the excited 
state 

LXPER1MENTS ON THE ABSORPllON SP1CTRUM Oh 
Hgl. IN THE VAPOUR AND 1 HE SOLID STATrS 

The usual procedure of studying the absorption spectium was 
adopted m the present experiments A sealed glass tube 9 3 ems 
long containing mercuric iodide in the presence of air was used for 
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ab orption An electric bulb 01 the p > ltivi cratci of a carbon arc 
wis used i> the soiree of c mtmuju riliition> The absorption 
cell eould be heatid to dtffi rent tcmpei iturc^ by encloung it in an 
electuc fuinice in the course, ot th exp 11 meats The furnace was 

calibrated foi different cuucnt stiengths and the tcmpeiaturc of 
absorption cell cstimited fiom i knowledge of the adjusted euirent 
strength and the ealibiation curve Several speetrogiams taken with 
a Hilger’s Constant Deviation Class Speettograph failed to register 
any < h irac tens tie lbsorption by the met euue iodide vapour Expc- 
nmcnts w»,re then icpLatcd by rcpl iting the glass absorption cell by 
a quart/ cell 10 ims long The Httci had i side tube which was 
plugged with gliss w>ol after b j mg filled with miuuile iodide No 
eharaeteiistie ab^oiption of the mcicuiic iodide vapoui in the visible 
region was obtained The well known iodine absotption bands were 
observed to appear at about 1()0°C and to become moie and more pro¬ 
minent at lughei tc mpt raturcs These bands do not o\ eilap the region 
of the expected bind 4568A') m the visible region lhc absorption 
bands in the near ultiaviolct legion, however, easily cbtained on a E, 
Hdger’sQuatt/ Sptctiograph when the quartz cell was used, the source 
of continuous ladiations in this case being a locally picparcd Hydrogen 
dischaige tube with a quartz window It his been observed that the 
absorption bands are piactically absent if the flight 1 temperatures 
aie attained from room tcmpcratuies They appeal very clearly 
for the range of tempeialurc 270-300°C only if the cell is first of all 
heated to a temperature higher than 400°C ind then cooled [to the 
required lower tempciature in the lange 270 - 100‘C No new band 
was observed in the quart/ ultraviolet region but the plates wcie 
utilised to measure the total width of the absorption bands along 
with their maxima These data are gnen m the following table 
which also lecords the data obtained by Wieland 
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Table I 


Absorption Region 


Absorption Maxima 

Wavelength 

C. V, 

| Wavelength 

C. V. 

2600 - 2950A 

4-71-4*18 * 


2700A 

4’6 

2310 —2170A 

r )-20-5-68 


2250A 

V5 

207'i-2090A 

V91--V90 


2080A 

V9 

— 



|" 1920A 

6*4 



•H 

| 1800A 

6*9 



1720A 

7T 




H 600A 

7-7 


A further attempt to locate the expected absorption band in 
the visible region was made by using glass and quartz plates lightly 
dusted with mercuric iodide and an electric bulb or the hydrogen 
discharge tube as the souicc of continuous radiations. These experi¬ 
ments also yielded negative results. The near infrared region where 
an absorption band at 8809A is expected to lie could not be photo¬ 
graphed as suitable plates were not available. 

Discussion 

Assuming that all the observed absorption maxima belong to 
Hgl 2 and represent transitions from its ground state to various excited 
electronic levels, the positions of these levels are located by the 
cnetgy values tabulated in column 4 of Table I. Hgl, possesses two 
more levels indicated by collision experiments. In the diatomic 
* Outside the range of the present experiments, 
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molecule Hgl, so far two electronic levels in addition to the ground 
state arc known these being at 1.1 and 1.5 c.v. relatively to the ground 
level. There do not appear to be any cneigy level lower than 4.1 
c.v., the reported new bands involving levels higher than 4.5 c.v. 
The positions of the cnerg) levels of Hgl and of the atomic dissocia¬ 
tion products relative to the ground level of HgL may be obtained if 
the heat of formation (or dissociation i of the two molecules in their 
normal stales arc known. * 

Now various methods are available to estimate the heat of forma¬ 
tion for disso^ iation) of a molecule, 'fhus the heat of foimation of 
Hgl rmlcculc from its constituent atoms may be estimated from the 
thcrmochcmic.il value of the heat of formation as is obtained fiom 
various icactions and other available data making use of the Born 
Cycle. It can also be obtained both in its normal and excited states 
making use of the analysis of the emission bands ascribed to the 
molecule. Here again several methods of extrapolation aic available. 
The values obtained by all these methods for Hgl in its normal and 
excited states are shown in Table II. 




Table II* 



Level 

Thermo- 

Linear Extra¬ 

Graphical 

Mean 


chcmical 

polation 

Extrajiolation 


X (Ground) 

•58 

•16 

•52 

•5 



•44 

•51 


G (Excited) 

... 

•8 

•85 

•83 

I) Do 


•86 

93 

•9 


♦All required thcrmochenucal data in the present calculations arc taken from 
Landolt-Boinstein* Physakalisch Chemische Tabellcn (UH r > and earlier editions) 
except the heat of sublimation of Hgl which is taken 1'iom Sponei. Molekulspektren 
und ihre Anwendung Auf Chemische Problemc. The speed oscopic data are taken 
from Rao, Sastry and Krishnamurti. In calculating the heat of formation of Hgl i# 
data concerning both varieties red and yellow of Hglj are used. The energy 
difference between the two varieties is afwut 3 KCal/Mol (■»()• 13 c.v.) and is 
ignored. 
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Only thermo-chemical methods arc available to estimate the 
heat of formation of Hgl^ from its constituent atoms and the mean 
value calculated from observations of different observer's taken from 
literature is 3'0 volts. 

Making use of the absorption, collision and emission data so 
far known as detailed above and the calculated energies of dis¬ 
sociation we shall arrive at the energy level diagram shown in 
Fig I for the Hgl molecule and its dissociation products. The heat 
of formation of Hglj from the constituent atoms in their normal 
states being 3 e.v. the level of the dissociated atoms Hg (*S) and 21 
("P,/ 2 ) is plot'ed 3 volts above the ground level of Hgl z . The 
next plausible excited states of the dissociated atom^ obviously 
i orrespond to one and two excited states of the iodine atom 
and arc plotted assuming the fiist excitation potential of the 
iodine atom to be 9 volt** Still higher excited states of the dissociated 
atoms correspond to Hg*(T,) + 1 +1, Hg*^?!) + I*('Pi/i) + I and 

Hg*( , P l ) + l*(-P,/_ ! ) + l*( 2 r,/-) where Hg* and I* represent the excited 
states of Hg and I respectively. They are plotted assuming the first 
excitation potential of Hg to bo 19 e.v.**. The dissociation energy 
of Ifgl in its normal state being 3 e.v. the giound level of Hgl is 
plotted with lespcct to the ground level of Hglj by putting it *3 volt 
below the level of Hg+I + I. The two excited states ol Hgl arc 
obtained from a knowledge of the (0,0) bands in systems G and D viz., 
32785 cm -1 (= 1*05 e.v.) and 36295 cm’ 1 (= Pf8 e.v.). 

All the three levels X. G and L) of the diatomic molecule corres¬ 
pond to the attractive stiles of the molecule possessing potential 
energy curves with .i minimum. Each of them may also represent a 
repulsive state for the triatomic molecule Hglj. This seems to be 
much moic probable for the level X which belongs to the ground 
state of the diatomic molecule than to the levels G and D which 
belong to its excited states. Among the levels of the atomic products 
the first one at 3 e.v. no doubt belongs to the ground states of 

**Cf. Bather and (joudsmit : Atomic Enetgy States. 
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both the diatomic and the triatomic molecules and hence definitely 
possesses a state of the attractive type Similarly the one at 7 9 
e v can be correlated within the limits of experimental and 
extrapolational error with the two cxcittd states G andDofHgl 
Extrapolation of C gives for the energy of dissociation 83 ev 
while that for D gives 9 ev ^vide Table II) These give respec¬ 
tively 7 43 and 7 9 for the position of the level ol the atomic products 
which are in fair agreement with the calculated value 7 9 It is, 
therefore, certain that the level at 7 9 c v , also possess s a stite of the 
attractive type For none of the other foui levels of the atomic 
products can this be said with certainty at the present state of our 
knowledge In contradistinction to this, howc\ cr, every one of these 
six levels will be possessing one or more states of the icpulsive type 
It is these repulsive states and the three states of the diatomic 
molecule which correlate with electronic energy states of the tnalomic 
molecule m some way which is to be determined lodoso we come 
to that part of the eneigy diagram which belongs to the excited 
states of the triatomic Hgl 2 We have hue to ben in mind the 
following The determination of the position of the excited energy 
levels of m lltiatomic molecules probibly because they possess vtiy 
few stable excited states—is often not possible In the lust place 
most of the absorption bands are continuous This means that 
the maxima represent positions on the repulsive curves belonging 
to the excited molecule, which are directly above equilibrium 
position of the normal molecule If the repulsive curves arc almost 
flat then the maxima would represent the positions of the levels 
of the dissociation products of the excited moltcule, otherwise they 
include also an additional amount of kinetic energy, which depends 
on the steepness of the curves In the few cases where band absorption is 
observed unless the origin of the band can be located it is not possible 
again to determine the position of the energy level In this case, how 
ever, the particular potential energy curve for the molecule is an 
attractive one exhibiting pronounced minimum which can be located 
if the bands are analysed Thus wheieas band absorption has the 
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possibility of yielding the information about the energy levels continuous 
absorption gives the possibility ofdeteimining the energy of the dis¬ 
sociation products of the excited states C ollision data also represent a 
mixture of both types of excited states, lepulsive as well as attiactive, 
of the molecules This is tiue as much for diatomic molecules as for 
multiatomic ones Only in the case of atoms, do the collisions and 
absorption data give just the tnergy levels of the excited atoms 

Among the energy values of the triatom ic molecule determined 
by critictal p itentials and absorption maxima those ot 6 2 (eoll and 
6 4 (abs ) seem to be identic il as also those of 7 8 eoll ) and 7 7 
'’abs ) These a c thcrefoie, bracketed in the figure We thus hive 
nine energy values of the excited Hgl a molecule Wit land has 
observed structuic in the absorption miximi it 5 9 ind b 9 e v 
Undei the dispersion used in our expet iments wi could not detect any 
struetuie m the band at r ) 9 e v but it is p u tic til lriy a very sirup and 
narrow band Wchih (1940j has imlysed this bind system and 
obtained the vibiation frequenut s of the trntomu molecule both in the 
ground stite and excited state coruspondmg to this absorption 
The legion ot absorption observed by him is witlei than that obsetved 
m the picse at experiments The conditions of his cxpeiimcnts could not 
be ascertained as lus papei w is not availible These two values 
therefoic very probibly icprcseiit stible excited enngy states of the 
tnatdmic molecule having atti ictive potenti il euives whose dissociation 
limits lead to G ind D uspectivcly ot the di itomic mole eule Hgl ot 
to the level at 7 9 of the icparated vtom, Similaily the v due ot 1 4 
piobably represents an excited cncigy state ot the molecule bee uisc 
there is no energy level to which it can bo correlated eithci in the 
cfntomic molecule oi in the separated aton s with a value less thin 1 t 
c v If the collision data are correct in establishing this level, it can 
be predicted with considerable confidence that theie will be a b nded 
absorption for Hgl a in the neat infra-led lcgionf 

f Howevu dis>o< i ition of the Hgl., into 1„ ind Hg m ly dso Ik tlu process 
brought about by c illision 11ns process requites just 1 42 e v 
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The remaining six values almost certainly represent only positions 
directly ibovc the equilibrnm position in the ground state on the 
repulsive potential curves belonging to excited Hgl Of these the 
one at 2 7 c v can go over only to the level X of the diatomic molecule 
at 2 J e v 

Among the reman ing five levels the three levels at 4 6, 5 5 and 
64 ev ait sepal ited by the doublet sep iration of the Iodine 
atom viz 0 ( ) c v and litncc can be correlated to the levels at 
1, 1 9and 1 He v ol the atomic products with considerable confidence 
Trom a glance at the energy level diagram it tan be seen that such a 
correlation suggests the absorption bands coi responding to these 
cncigy levels to li ivc widths of loughly the same older The widths 
of the bands it 1 6 and 5 5 c v have been found to be 56 and 39 
e v respectively in the present experiments whcieastlic width of the 
bind it 6 1 e v (which is outside the r inge of the piesent txpcnm 
ents) is not rccoidcd 

Wulind obseived some stiuctuu in the absoipticn band at 7 
e v but this h is not been definitely established due to theovirlapp 
mg of the many line spectrum of hvdrogen with this absoipt on region 
If the obser\ itic n is cc ncct there should be a stable level of the tn ito 
mic molecule it 7 8 e v going ovci to some lughet state of the dissoci 
ition pioducts The 1 ittci state may be any one of the st ites 8 8 ind 
J 7 ci of the itomic pioducts , con elation with 7 9 cv being not 
vtr> piobable due to its smill difTcicnce in energy with the tnatomre 
U vcl consider! d No cli (mitecoiicl ition fer this stable state —if it exists 
it ill-can be given without furthci work on the couesponding ib oi 
ption bind The explinition of the excitation of the fluoiescence 
bands of system 1) would neecssit He the existence of a repulsive state 
of the tn itomic molecule at 7 7 e v going ovei to the state D of the 
di itomie molecule I his eoirclatit n shoulel however be considered 
is tentative the level D of the diatomic molecule being m excited 
state 
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Fnergy Li U of Hgl and Us Pi lu l 

Now the level at 7 1 ev lemuns to be c\pl lined Tin possi 
bilitv of m mtcrincdntc lcvil between \ and C in tin di itoniic 
molecule is not very sure 1 he anilysis of tin bmils (1 system H by 
vinous woikers locitt one or more levels bclwc< n \ ind C Dificiint 
woikcrs do not igicc with one anothei m then m ilysis md meisun 
ments of this band system Morcovei thcicis no conclusive i\idtnet 
loi the identificationofthet mitlci of this bind system with the diatomic 
Hgl molecule Tuithci expciimcnlil woik is netded to uneqimot illy 
decide ibouttlns point The absoiption band at 7 1 e v being i cont 
muous one theit is i itpilsive stile issociate 1 with it 1 lie only 
known level to which it can go is the lev cl C oi the di itonne molecule 
This eon lition should also bi itgmhdas tintitivc riicelisciip 
mty m the minimum vilucs for the ficqueneies ol the laeliati ns 
exciting the lluoitsience bands of systems C and D is lound ft jm this 
corrclition with those expenmen tally obscivcd by VVi el and may be 
iscnbcd to the fact that the accuracy of the obscivations is notgrcit, 
the wavelengths ol the txcitmg ladiations having been sep irated out 
with the help of suitable filters 

\CkNOWLI DGMLN 1 

I take this opportunity of expressing my giatelulness to Di R k 
\sundi lor his guidmce, help and ciicouiagement thioughout the 
eouise ol the woik Dunks ue due to the authontus ol the Bcnaies 
Hindu Umveisity lor the awaid ol J K Reseiieh fellowship, 
Watumull Toundition lor a Fellowship indthcAkhil Bhaiatiyi Aiya 
(Hindu Dhaimt Seva Sangha, Delhi foi one oi the Lai i k imlapat 
Smgliama Scholarships loi vaiying pcnods while the woik w is in pio 
gicss 

Rijirences 

Butkow K (1911) Zut f Phys 71678 

Chapman A K. (1914) Phys Rev (2) 4 >11 

Jones A C (1896), Disseri Lrlangen 



BlSHWANAHI BuAI I A< HARYA 


Jonis, A C (1897; Wie lem Ann 62 10 

Kondt Ujcw V (1910) J Pins Chun Moskiu I, 14 

kondt itjcw, V (1911), /cii f Phys Chun B, 11,470 

Pivliv, V 1. iu'l I upunsky A 1 (1926) N iturc, 1111,841 
Ptircc, B O (J878) Wndun \nn 6,597 

Prilislnjcwi N (1912), l’hys / it d S wjel Union, 1, 189 
Rao, A L S (1912) Ind J Phys 16 191 

Rio, k R , Sastry M G ind hu hnunuili V Cx (1945), Ind J Phys 18, 
32 5 

Rao V R ind R i», k R (1916 Ind | Pms 29, 118 

Sunu I, R (1916), Rev Mod Phys 11 101 

Sistry, \1 G (1941 ,Curi Sc 10,521 

Sasuy, M G (1942), Pioc Nil Inst S< Ind, 1 28) 

Sheud, C mil Mims, C S (1916 , Ohio f Si 16 11 1 
Sponc t II md 1 1 Hi i, I (1911) Rev M d Phys, 1 J, 108 
Str itt R J (19II), Pio Roy Sue \, 8d 219 

Stuitt R J ind 1 nwlcr \ (1912) Pin Roy Soi \ 86,10) 

Subbaray i, 1 S R io, B N ind Rio, NAN (1937), Pioc Ind Acid 
Sc A 5 16 1 

leicnm, A (1926) Nituie 118 813 
leienin, A (1927),/ut 1 Ph\s 11,713 
Wehrli, M (1910), Hclv Phys Acti 15,153 
Wicland, K (19 32), Zeit f Phys , 76, 801 
VVielmd k (1915), Niturt, 156, 501 



INFLUENCE OF TEMPERATURE ON NITROGEN FIXATION 
IN STERILE AND UNSTERELE CONDITIONS 

PART I 

By 

N R Dhar and R C Kapoor 

While it his lone; been biheved that in the protein bodies of 
ccrtun organisms existing in the soil, nittogen of the air bccomcsincor- 
poiatcd leading to enrichmi nt of soil nitrogen 1 , Dhar and co-workers 
have produced stiong evidence m favoui ot a purely physico chcmicil 
view of nitrogen fixation in soil 

Not much work hive been done legarding the influence of 
tempenturc on nitrogen fixation We hive under taken a systematic 
investigation on nitrogen fixation at different temperatures on the 
addition of energy materials under steule and unstenlc conditions 

Experimental details The soil or purified aluminium oxide or 
zinc oxide mixed with the energy rich substance was kept in 600 cc 
p> rex fl isks, plugged with absorbent cotton wool and kept under 16 lbs 
pressure for one hour for stciihzation After every month the flasks 
were opened, moisture contents made up to 10% and restenlised In 
t ich case the soil was tested for Azotob ictcr by the plate method and 
no colon> growth was observed even after seven days incubation 
at 35° 

In these experiments 100 gms of well seaved soil was taken in 
each case and 2 gms of cane sugar was mixed with it as the energy 
material Moisture content was made to 10% in every case These 
stenlized flasks were incubated at different temperatures in the dark 
One such flask was exposed to daylight for seven hours daily for com¬ 
parison The temperature of the incubated flasks varied from 7° to 
60° Some expenments for companson were also earned out in un- 
stenle condition 
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The carbon and nitrogen estimations were done by the method 
of Robinson, McLean and Williams 1 by heating 5 gms. of well dried 
and powdered soil with 30 ccs. of pure concentrated Sulphuric acid, 
5 gms. of fused potassium sulphate and a few crystals of pure copper 
sulphate for four hours. The ammonium sulphate thus formed was 
estimated by treating an adequate part of it with magnesium oxide and 
100 ccs water and distilled for six hours in a water bath. At the same 
time a current of air purified by passing through a solution of ferrous 
sulphate and sulphuric acid was aspirated. The ammonia was absorbed 
in two conical flasks containing pure dilute sulphuric acid. The 
ammonia obtained was estimated colorimctrically by nesslcrization in a 
Duboscq colorimeter. 

The total carbon was determined simultaneously by absorbing 
the sulpur dioxide produced at the time of charring by a standard 
iodine solution, the excess of which was titrated against a standard thio¬ 
sulphate solution. 

The results with cane sugar are as follows: 



I—100 gms soil + 2 gms cane sugar 'Sterile', 
Carbon introduced—0 8 % approximately 
Time of exposure*—342 days ^5-3-47 to 10-2-48) 


Influence of Temperature on Nitrogen Fixation 



's CO lO to C4 CO rt* 

* * 00 O-l fN © CT> CO 

^ ^+1 

2 o o O P o o o o 

o ooooooo 

t H ___ 












Exactly similar experiments were carried out with cowdung as energy material. However, 
one set in unsterile condition was also kept and the results are as follows : 

II—100 gms. Soil + 10 gms. Cowdung (Unsterile) 

Carbon introduce = *8% Approximately 


60 



W61 0*0741 1*116 0 0740 1*084 0*0740 0*988 0*0740 






Influence of Temperature on Nitrogen fixation 


Discussion —From the foregoing results it is clear that the 
optimum temperature for carbon oxidation and nitrogen fixation is 
35'm dark The fall in carbon oxidation and nitrogen fixation after 
35° is more marked than before 35 Thcie seems to be no nitiogcn 
fixation at 7' and 60* though carbon oxidation takes place to some 
extent It is interesting to note that similar ol scrvations of carbon 
oxidation in solutions have been obtained by Dhir 1 while study 
ing ‘ The influence of temperatuie on the slow and induced 
oxidation of glucose in the dark ’ It is clear from the obserxations 
tabled there that ‘‘the velocity of the oxulition of glucose goes on 
increasing upto a certain optimum temper ltutt, which lies between 
30° and 40' 

The conclusions foimulitcd lbove ire made c leu by thi follow¬ 
ing table 

I SoiM C ane sugai 

C u bon intioduied = 08% approxim itcly 

Time of expos urc = i 1 2 d ays 


Temp 


C nbon oxidised 


I flicicncy of mtiogen 
fixation 


(l) Light 


0 620% 

-> 

1 f i 

m grm 

lit) 7 d'lik 


0 4L% 


ml 


(m, 30* „ 


0 552% 


7 0 


(iv) „ 


0 574% 


80 


(V) 45* „ 


0 466% 


1 9 

99 

(v.) 60* „ 


0 441% 

-» 

ml 

99 


II Soil + Cowdung (Sterile) 
Carbon introduced = 8% ipprox 
Time of exposure = 245 days 
(i) Light -» 251% 

(u) 7* Dark -» 130% 

(m) 25° „ 186% 

(iv) 35° „ -4 221% 

(v) 40* „ -> 164% 

(vi) 60* „ 073% 


-> 

251% 


17 5 

m/gms 

-> 

130% 


ml 

99 


186% 

-) 

9 1 

99 


221% 

-) 

99 

99 


164% 


5 1 

99 


073% 

-> 

ml 

99 


99 
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III Soil + Cowdung (Unstcnle) 

Carbon introduced *= 8% approx 



lime of exposure 

- 

245 days 


( 1 ) Light 

-» 

349% 

-» 

19 5 m 

gms 

( 11 ) 7° Dirk 

-> 

134% 

-» 

ml 


(m) 2V „ 

-» 

327% 


8 6 

>> 

(iv) 35 „ 

-> 

338% 


10 9 


(v) 10* „ 

—> 

305% 

-» 

46 


\yn) 60' „ 

-> 

077% 


ml 

» 


Dhar and Stshacharyulu also carried on some experiments on 
nitrogen fixation at different temperatures in unsterile condition In 
their experiments glucose was used as the energy material The 
results of carbon oxidation and the efficiency of nitiogen fixation m 
equal time at different temperatures are given below 


Tcmpcratuic 

Time of exposure 
27-2-37 to 13-5 37 

C arbon oxidised 

t fficiency of 

(0 Light 

670 y 0 

Nitrogen fix 
13 1m gms 

(ul 10°-12° 

369% 

ml „ 

(m) 25° 

385% 

5 4 „ 

(iv) 30° 

488% 

6 7 „ 

(v) 35* 

555% 

8 1 „ 

(vi) 40* 

374% 

4 8 „ 

(vn) 45* 

327% 

4 2 „ 

(vm) 50* 

254% 

19 „ 

(ix) 60* 

237% 

ml „ 


It is significant to note that the results obtained by using glucose 
m unsterile conditions are similar to those obtained by us in stenle 
conditions by using different energy materials Here also the carbon 
oxidation and the efficiency of nitrogen fixation is greater in light 
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at any temperature in dark which goes to prove that it is light and not 
the higher temperature, that increases the fixation in exposed soil sets. 

There was no fixalion at 7° even in the unsteiile&cts though some 
Azotobactor growth was there which shows that the activity of A/.oto- 
bacter ceases at that temperature which is in accordance with previous 
experiments. 

In our experiments it is noted that the velocity of carbon oxida¬ 
tion and the efficiency of nitrogen fixation falls with time. Though 
the velocity of carbon oxidation varies with the nature of energy 
material, the amount of nitrogen fixed per gram of carbon oxidised 
remains nearly the same for all the energy materials at a constant 
temperature. This goes to prove that the energy required for nitro¬ 
gen fixation comes from the energy liberated by the oxidation of 
carbon. 

These results are best explained in the light of adsorption of 
gases on Solid Surfaces. The normal adsorption due to vandcr Waal’s 
forces decreases with rise of temperature while the activated adsorp¬ 
tion, since it is chemical in nature, increases with temperature just 
like the velocity coefficient of ordinary chemical reactions requiring a 
high activation energy. This explains as to why wc do not get any 
appreciable fixation at 7°. As the temperature is increased a condition 
is obtained in which the rate of the activated process becomes appre¬ 
ciable and so the rcsulant total adsorption begins to increase with rise 
of temperature as takes place below 35. This increase continues over 
a range of temperature, until the normal effect of temperature on the 
amount adsorbed, apart from its rate, brings about a decrease, as takes 
place above 35°. 

In our experiments the actual temperature when the rate of 
activated adsorption becomes appreciable lies somewhere between 7° 
and 25°. The activated process reaction stops at a temperature little 
above 45°. Further experiments on efficiency determination at the 
in between temperatures are in progress. 
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The energy of activation of the reaction 

free nitrogen-» fixed nitrogen 

has been calculated as follows 

d log,, k E 
dT 

Integrating at two different temperatures 

, k t Et 1 1 I 

° g< * k v = R { 1\ T, } 

where h\ and k are the eloeity constant of the rcaeLion at temperature 
T x and T, respectively 

2*303 log,, x^xT.xT, 

Hence E -= K ' 

i i 1 

As the velocity constants are proportional to the products formed, 
so here taking the cane of cane sugai at 30' and 35° 

2-303 log,,, iT, x 1-99 x 308 x 303 
h 308 — 333 

Since 45 and 39 aic the amounts of nitrogen fixed at 35* and 30° 
respectively. 

li =■ 5301) calorics 
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Calculation of Velocity Constant in Presence of Heterogeneous 

Auto-catalyst. 

By 

Bal Krishna and S Ghosii 

In two previous communu itions 2, 1) the present authoi s hive 
studied the kinetics of reduction of silver uctatc and silver tutiate by 
lcsotcin wheiein it has been shown that the value ot the velocity cons 
t mt increise with tunc reach a maximum ind then bi gin to dccicise 
This can be well represented by the following curve 



The ascending portion of the curve points to the autoi atalytic 
nature of the r action the fine particles of silver produced acting as 
heterogeneous citakst The descending pot Hon of the curve points 
to the denetsc in catalytic activity due to decrease of catalytic surface 
caused by gradual coigilfation of fine pu tides of silver It requires 
a high mathematical ingenuity to dtvise a formula which shall give 
constant values for the velocity constant since the catalysis depends 
upon totil suifaee which is a complicated function of the number and 
sue of the particles of silvci both of which are in a state of constant 
flux We have failed to devise any such formula but have worked 
out an e juation which gives constant values of the velocity constant 
for the ascending portion of the cuive in the following leaction 

Fe+Ag-*Fe+Ag 
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This reaction had been previously studied by Robert-and Soper 
(4) and Dhar (1) but the order of the reaction has not been determined. 
Indeed Robert and Soper have pointed out that the reaction is 
instantaneous as in mostionic reactions and not amenable to kinetical 
treatment. We find however, that it proceeds regularly ifwc take into 
consideration the catalytic activity of colloidal silver (details to be 
published later). 


Now it was Ostwald (sec A Tc>t Book of Physical Chemistry by 
Glasstonc) who for the first time studied autocatalysis on a kinetical 
basis. In the hydrolysis of an ester eg. methyl acetate, the acetic 
acid produced works as a catalyst. Let a be the concentration of 
the ester and b of the acetic acid present initially and let x be the 
amount of ester hydrolysed after time t, then the rate of hydrolysis at 
any time is given by 

= k (a-x) (b + x). . . . (1) 


On integrating in the usual way this gives 

i • „ a (P 4" *) 

/ (a + b) n b(a - t) 

which lias been confirmed by Ostwald. 


. . ( 2 ) 


This (2) equation can not be applicable in our case since our 
Jcaction is bi-molecular one. Wc have started with the assumption 
that for the ascending portion of the curve the colloidal silver produced 
works as a homogeneous catalyst and is proportional to x, which is the 
amount of silver formed. Then 

^ - k x (a-x) ! + k, (<i-*) 2 x ... (3) 

But ‘since the term k L (a—x) J is negligible as the uncatalysed 
reaction is very slow wc can write 

d d * - k(a-xfx ... (4) 


Integrating this we get 


kt 



x 

a—x 


1 


+c > 


a(a-x) 


. . (5) 
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where C is the integration constant. It is not possible to find out the 
value of C. When we put when 0, wc find that the term 

£ 

- becomes 0. 
a-x 


The same flaw is observable in Ostwald’s equation (2) When b 
is zero i.c., when acetic acid present initially is zerdthen the term 

^(fl — becomes infinity, and the whole equation becomes meaning 

less. This can be avoided if wc integrate between two time limits 
when the integration constant disappears. Now 

it " *(«-*)"* 

and integrating between t. 2 and / x wc get 


f 

" v* 


8 dx 
(a- x) 2 x 


A 
1 *“ 


i p* + i p * + i p 

a i J X a 3 J Xi i a A ) a J X 1 X ) * h 

k(1,-iti - 1 J-L} 

u a 2 ( x^a-Xt) ) a {a-x 2 a~x) 


or 


( 6 ) 


We find that the equation (6) works well in our case as the 


following tabic will show. 



h 


k 

m 

50 

0*01738 

80 

30 

0-01741 

50 

30 

0-01818 

120 

80 

0-01964 

80 

50 

0-01905 
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These values arc a great improvement over the following values 
of the constant which have been worked out with usual bimolecular 
formula viz., 


r 1 X 

t a(a - x) 


t 

k 

30 

0-001526 

50 

0-002350 

80 

0-003287 

120 

0 008268 

180 

0-011310 


Tne equation (6) represents a third order reaction although a 
new type of third order reaction. 

Physical Chemistiy Laboratory 
Allahabad University (India) 
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A NOTE ON HIGH FREQUENCY CURRENT DENSITY 
IN A HOLLOW CYLINDRICAL CONDUCTOR. 

By 

Santi Ram Mdkhlrjei 
Enginferino Coin or, Banaras Hindu Univermi\. 

Received on April 2,1948. 

Hollow cylindrical conductors have lately gained very wide 
application in Radio Engineering. Due to their non-radiating pro¬ 
perties, they are conveniently used in connection with ultra-short and 
micro-wave transmission lines, wave-guides, etc., particularly foi radar 
and television purposes. It is often found necessary to know the 
current density along the radius of such a conductor, specially to 
detect the formation of stationai y waves along the cross-section of the 
tube. The current-density foi steady sinusoidal current (1) can be cal¬ 
culated by Bessel functions, and in the present communication, the 
solution has been obtained for varying high frequency current follow¬ 
ing through the conductor For the purpose of relaxed oscillations, 
a solution has also been obtained for linear variation of current with 
time 


If p be the permeability, p the resistivity of the material ot the 
cylindrical conductor, the value of current density g at any radius r 
can be obtained from the differential equation, 

*S + l -0 ... ( 1 ) 

dr* dr p dt 


48 - 3-1 
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For steady sinuisoidal high frequency current, it may be assumed 
that j’co g, where to is the pulsatance of the current. Then the 
solution of (1) is given by 


{A I 0 (kr\f j)+ BK 0 (Ary?)} ( cos mi *j sin “0 • • (2) 

Where I 0 and K 0 represent fer-bei anc ker-kei functions respec¬ 
tively. 

In case the high frequency current is varying, the solution of 
equation (1) may be obtained as shown below. 

Let g~ gl g, where g x (r) and (/). 


Then from (1), g 2 (^f+* A g x 

■) 


dg* 

dt 


or y**' 


A di* "*~r 


1 dtA 
dr, 


Adg* 
g* dt 


>0, where A L 


■0 


47T|i 

P 


This is satisfied if we write 


d a g i,l dg , 
~dr* + rIA 


-k gl = 0 and 


dg a 


dt A x 


- gi , k being an arbitrary constant. 


Now 


d*gx 
dr* 


1 (Igx 

r dr 


^i = 0. 


. . (3) 


Will give rise to I 0 and A'„ functions 

from dg d * a +jZ)g> where * - -a+jto ... (4) 

We get e ~(cos «/ +j sin »t) ... (5) 


The value of g can thus be calculated from (3) and (5). It may 
be observed that in particular, by putting a -0 in (4), we obtain the 
case of steady sinusoidal high frequency current already solved 


For linear variation of current density with time, let g 3 

where gl is a function of t only and gj a function of t only. 

Substituting this value ofg in (1) we get 


d %,l dgi 
dr * r dr 



... (6) 
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This is possible when 
d*gx , 1 dt> 


dr* ^ r dr 


ik L 


(7), k v being an aibitrai) constant 


i di 41, 

md ) = 1 

dt A ± 


4 k ltl 

or 4 ■ 2 1 * Ca 


(8) c 3 being an arbitrary constant 


1 r°m ( ) r ** + d J r =4A X r 


or r ^-2A l , fl +<r 


c 2 being an arbitrary const 


or ^ 1 - 2 ^ / + — 
/r r 


or^-AaH-f r log r (9) 

Thus combining (8) and (9) wc get 

g~U+ •*!»+ 4 l * + * log ' » ^3 

I uller discussion ol the problem will be given in later publication 
The author h is pleasure to record his grateful thanks to Dr S S 
Banerjec lor suggesting the above problem and helpful discussions. 


R ft ce 

(1) A G Wme i Math at cs \ppl ed to I led cal E qtneettrg p 243 
(Chapm in and Hall Li mtt d 1 )3J) 




PREPARATION AND STUDY OF THORIUM BORATE 

JELLIES 

By 

S P Mimiran M Sc , 1) Phil 

(t htmical Laboratory, Iiif Univ frsitv Allahabad; 

Rect md on August 12 
\BSTRAC 1 

(1) Thorium boi iu jc 11 u s h ivc been picpaied id studied The jellies were 
ibt lined by the st >w coigulitim oi a punhed sol oi thorium borate h ivini, the 
composition 4ThO Th J (BO i ) 1 obtained by dispeising fieshly precipititcd thouum 
bot ite in txcess thorium nitrite, by electrolyte s like p t issium chloride ind potassium 
sulphite 

(2) The sol gel tiansfoimation oi thorium borate his been investigited It 
has been shown thit the tim( of gelation 6 is related to the concenti ition c of the 
coaguliting electrolyte as log S—log R | P log c wl err R and P ite constants and 
9=1/0 

(J) The mfliit nee of temperature on the tune < f sc Itu g of the jellies his been 
studied It is observed that the jellies set moie icidil) it higher tcmperituies than 
it 1 >w. lhe jellies ire not t >rmed ibove 50 ( 

(4) The jellie ire thixotropic m nature The study of their thixotropic 
liehaviour shows that the original time of setting ol tht jellies is always greater than 
the thixotr ipic time of setting On repeated sh ikes the jellies loisc their property 
of developing hydr ition and ultimately break up 

* 

(5) The influence of 20% glucose and glycerine on th< time of setting of the 
I* Hies has been investigated It has been obsetved th it glucose and glycerine exer 
markedly peptismg influence on thorium bo:ate sol md in then piesetuethc onemal 
time of setting is mcieascd 

(6) It his been shown that the minimum imount oielettrol)te nuessu) to 
give a jelly of the sol of thorium borite is ilwa>s greater thin that uquiied to 

oagulate it Ihc gelation and the coagulation points of thouum borate sol are 
thus two distinet points 

In some of the previous publications lrom these laboratories 1 
the conditions of formation of thorium phosphate., aisenate, molybdate 
and tungstate jellies have been described No attempt apj cats to 
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have been made to prepare the jellies of thorium borate. Berzelius 9 
reported that boric acid precipitates white flocculcnt thorium borate 
when added to a solution of a salt of that element. Guertler 3 could 
not prepare thorium borate by fusing thoria with boric oxide cn 
account of the very sparing solubility of the thoria Karl 4 has discussed 
the composition of the amorphous white precipitate obtained by treat¬ 
ing an aqueous solution of thorium nitrate with a hot solution of borax 
and showed that the composition corresponded to thorium orlhoborate, 
Th 3 (BOj) t . It has been now observed that the white precipitate of 
thojium borate obtained on adding a hot concentrated solution to 
thorium nitrate solution, can be made to dissolve, on vigorous shaking 
in presence of an excess of the latter. In this way a considerable 
amount of thorium borate can be made to disperse in thorium nitrate. 
If this mixture be dialysed until nearly free from all electrolytes, a 
clear colourless sol of thorium borate is obtained w'hich can he showm 
to be positively charged by the iatapboretie method It is easily coagu¬ 
lated witli clet tiolytes like potassium chloride and potassium sulphate 
and when suitable coneentrations of the coagulating electrolytes arc 
used the sol sets to beautiful transparent jellies In a note Mushran' 5 
has briefly described the conditions of preparation of this hydrogel and 
in this paper the details of the preparation and various properties of 
the gel have been investigated. 

KxPFRIMENTAL 

A sol of thorium borate was prepared allowing a hot 20 percent 
solution of borax to run slowly into 75 c.c. of 10 percent thorium 
nitrate solution until the precipitate of thorium borate scarcely dis¬ 
solved in thorium nitrate on vigorous shaking. The mixture was 
purified by dialysis, for eight days, at room temperature (30°C). 

Composition of the Sol 

The amount of thorium in a known volume of the sol was esti¬ 
mated by the use of the reagent cupferron. (Baudisch, Chern. Ztg., 
33,1298 (1909)) The amount of borate in the combined state with 
thorium was found by coagulating a known amount of the sol catapho- 
fetically, the coagulum was collected and washed and estimated for 
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bone acid by the usual method (Clowes and Coleman 1938 page 418). 
Tae combined thorium corresponding to this amount cf borate was 
calculated on the assumption that the thorium boj ate is Th 3 (B0 3 ) 4 . 
The rest of the thorium is present as hydrated thoiium oxide. Fiom 
the ratio of the free to the combined thoi ium, the empirical l'oimula 
of the sol was calculated. An anal)sis is presented in Table I. 


Table I 


Per litre: 


Total Thorium (Th / 

C nnbined Borate (BO,,) 
Combined Thorium (Th) 


18.0200 g 

2.b()54 
7 7112 


Fice Thorium (Th) ... ... 10.3088 

Empirical Formula ... ... lThO i .Th,(BO > ,)| 

When this sol was coagulated with N KC1 and 5 K.SO,it 
gave beautiful transparent jellies. The influence ef the variation of 
the concentration of the coagulating clectiol)le on the time of the 
setting ol the gel is shown in Table II. 


Tabi i 11 

Amount of sol taken - 2 c.c. Total volume - 3 c.c. Temp -30"C 


>unt of N KC1 

Time of setting 

(c.c.) 

(mins) 

TOO 

4 

0-80 

8 

0 60 

12 

0-40 

20 

0-20 

52 

N/5 K a S0 4 

Time of setting 

(c.c.) 

(mins) 

0*28 

2 

0*26 

4 
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0 21 

7 

0 22 

10 

0 20 

15 

0 18 

20 


Injluenc< of Temp ralurt 

The influence of tcmpci ituic on the time of setting ol the jellies 
has been investigated The itsuhs aie iccorded in Table III 

T\BLt III 


Volume of sol 

N KC1 

= 2 c c Total v 

Time of setting (mins) 
25 10 10 

olume=“3 c c 

50 

60 

(c l ) 

1 00 

7 

4 

3 

1 

No Jelly 

0 80 

10 

8 

5 

3 

J 

0 00 

10 

12 

7 

I 

99 

0 40 

24 

20 

15 

7 

5 

0 20 

65 

52 

42 

26 

9 

N/5 SO x 
(c c ) 

0 28 

5 

2 

Instantaneous Loose 

No Jelly 

0 26 

8 

4 

>9 

Jelly 

I 

>9 

0 24 

9 

7 

4 

1 


0 22 

12 

10 

7 

4 

>9 

0 20 

17 

15 

12 

6 

II 

0 18 

23 

20 

16 

10 

»> 
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Iiflu nee of Glucose and Glycirtne 
The influence of glucose and gly enne on the time of setting of 
the jellies hive also been investigated The resnltsare tabulated m 
Table IV 

Table IV 

Influence of Glucose 20°/ 


Volume of sol «2 c c Total vol ime =» i c c lcmp = 30( 

Glucose 20 , Time of setting (mins) 

(cc ) 



0 20 i c NkU 

0 18 

c c N 5 k SO 

0 0 

52 


20 

02 

60 


25 

0 4 

70 


12 

0 6 

82 


43 

0 8 

101 


56 

Volume of sol 

Influence of Glycerine 
»2t c Total volume 

= 3c c 

lemp=»30 C 

Glycerine 

Time of setting (mins) 


(c c ) 

0 20c c N KG1 

0 18 c 

t N 5 K a S0 4 

00 

52 


20 

0 2 

58 


23 

0 4 

65 


29 

0 6 

76 


41 

0 8 

91 


54 


Thixoiropic Behaviour 

It has been observed that on vigorous shaking the jellies assume 
a liquid form, and the viscous liquid so obtained again sets to a jelly 
on standing and the process could be lepeated several times The 
jellies are therefore thixotropic m nature The thixotropic bchavioui 
A 48 3-2 
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of the jellies has been investigated The set jelly was vigorously 
shaken for about one minute to ensure complete transformation to the 
sol form, and the time it took to set again was noted The results arc 
tabulated in Table V 


IaBLE V 


Volume of sol» 

2 c c Total volume = 3 c c Temp - 30°C 


Time of setting (mms) 
0 20cc N KG1 

0 18 c c N 5 KjS0 4 

Original setting 

52 

20 

After 1st shake 

34 

16 

„ 2nd „ 

25 

14 

)i 3rd ,, 

20 

6 

>, 4th „ 

12 

2 

>j 5th ,, 

5 

Breaks 

„ 6th „ 

Breaks 

Breaks 

Relation between the Coagulation and. the Gelation Points 

The relation between the coagulation and the gelation points of 

the positively charged thorium borate sol has 

also been investigated 

Different amount 

of sols were mixed with 0 20c c JV KC1 and 0 18 

c c N KjS 0 4 solutions, the total volume was kept 3 c c m each case, 

and the minimum 

amounts of electrolytes necessary to coagulate the 

sol and to give the jelly m 30 minutes were recorded The results are 

tabulated in Table VI 



Tablf VI 



Electrolyte N KC1 


Volume of sol 

Gelation Pomt 

Coagulation Point 

(cc ) 

(cc) 

(cc) 

1 0 

0 18 

0 10 

1 5 

0 24 

0 14 

20 

0 30 

0 18 

25 

0 38 

0 25 
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Electrolyte N/5 K a S0 4 


1 0 

0 06 

0 04 

1 5 

1 12 

0 07 

20 

0 16 

0 10 

2 6 

0 21 

0 15 


Discussion 

According to Karl (loc cit) when a hot concentrated solution 
of borax is added to thorium nitrate solution a white precipitate of 
thorium orthoborate is obtained according to the following equation 

37*i N0 a )i+N3i i B i 0 1 +5H 1 0=‘ Th a {BO 3 )t+2NaNO a +10HNO a 

The insoluble thonum borate in presence of an excess of thorium 
nitrate gets peptised by the adsorption of thorium, hydrogen and other 
positively charged ions and a positively charged sol of thorium borate is 
obtained The sol investigated in this paper has the composition 
477t0 2 . Th a {B0 3 )t, showing that it contains an appreciable amount 
of thorium borate If this sol without dialysis is coagulated with 
strong concentrations of coagulating electrolytes like potassium chloride 
or potassium sulphate, the coagulum obtained is a white opaque 
heavy mass which on allowing to stand settles down as a precipitate 
However if the sol is purified by dialysis for a few days and then 
coagulated by KC 1 or K 9t S0 i the coagulum obtained is gelatinous and 
with suitable concentrations of the coagulating electrolytes gives rise 
to clear, transparent and stable jellies 

In a paper Dube and Prakash 6 have studied the influence of the 
concentration of various coagulating electrolytes on the time of setting of 
various inorganic jellies According to them the time of setting 0 is re¬ 
lated to the concentration ‘c* of the electrolyte as log 5“log R+P 
log c where R and P are constants and 6-1/0 It is evident that if the 
kinetics of the sol-gel transformation of thonum borate is represented 
by the above expression a straight line should be obtained on plotting 
the logarithm of concentration against the logarithm of the inverse 
of the time of setting of the gels On plotting log S against log c from 
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the results recorded in Table I it is observed that straight lines are 
obtained. The results in geneial therefore follow the expression given 
by Dube and Prakash 

The influence of temperature on the time of setting of thorium 
borate jellies has been investigate d A perusal of Table III shows that 
the jellies set more readily at lughei temperatuies than at low The 
jellies are not formed above 50° In a paper Piakash and Dhar 7 have 
studied the influence of temperature on the coagulation of several c ols 
and have shown that smaller quantities of elcctiolytcs are lequired to 
coagulate at 60° than the amounts required for coagulation at 30° On 
the basis of the above it is highly probable (hat as the temj crature 
is raised the rate of coagulation and consequently the hydration of 
thorium borate sol is more rapidly developed and tl e jeflic- aie iroie 
readily obtained Also at higher temperatuies thotium borate is 
partly hydrolysed to thorium hydroxide which has a gteat terdency 
to develop hydration and hence the setting time decreases with the 
increase of temperature 

In table IV are recorded the results of the influence of 20% 
glucose and glycerine on the time of setting of thonum borate jellies 
It is easily seen that the time of setting is markedly incica'cd by the 
addition of these substances to the gel forming mixtures It is well 
known that glucose and glyccrn e are strong peptising agents and it is 
highly probable that m their presence thorium borate is further 
pcptised and thus the the time of setting is greatly increased 

The thixotropic behaviour of thorium molybdate, pho»pl ate and 
arsenate jellies have been investigated in a paper by Piakash and 
Biswas 8 The thorium borate jellies investigated in this paper ere 
also thixotropic and a perusal of Table V will «how that the original 
time of setting of the jellies are much greater than the thixotiopic 
time of setting On shaking the structurally imbibed liquid of the 
jelly is set free forming a dispersion medium for the jelly forming 
elements and the jellies are transformed into the sol state On stand¬ 
ing the structure is again developed and the gel is again formed. On 
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repeated shakes the ielly looses its proj erty of dcvolopiig hydration 
and ultimately breaks up 

An attempt has also been made to investigate the relation bet¬ 
ween the coagulition and gelation points of the jelly foimmg thorium 
borate sd From the re ults recorded in Table VI it is evident that 
mor' of the electrolytes arc necessary to gi\e the jelly of the sol in 30 
minutes thin to coagulate it The results aie in confnmitv with those 
obtained by G ssntr 0 , lihatia and Ghosh 1 ind Prakash 11 for virious 
jelly forming sols It appears th it thete is always i fixed amount of 
electrolyte n<cessarv to give a stable jelly in a definite tnre Any 
amount lessei than thi Ic ids to coagulation without illowingthc 
coagulated particles to develop hydi ition and my amount greater than 
this gives a gelatinous pi ct lpitatc 

My thanks aie due to Dt Satyr Pr ikish foi his very kind intucst 
in this work 
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INTENSITY VARIATIONS OF RADIO SIGNALS AND THEIR 
BEARING ON DIVERSITY RECEPTION 
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24th August 1948 

1 Introduction 

Appleton and Barnett (1) showed the existence of ionized layer 
in the upper atmosphere by their experiments on fading of radio 
signals as early as in 1925 Since then various investigators (2-5) 
became interested with the study of signal intensity received at a 
distance from the transmitter, particularly for the purpose cf inves¬ 
tigating the conditions of the ionosphere suitable for establishment 
of radio communications between two stations 

In these experiments medium waves were generally employed 
and observations were taken mostly in the presence of ground wave 
In case of short waves, however, the fading of signals has been recorded 
outside the reach of ground wave, and the nature of variations of 
intensity of the received signal has been found to be rather irregular 
Such variations have been attributed to random scattering of signal 
from diffracting centres in the ionosphere by Ratcliffe and Pawsey (3) 
Observations on short wave signals had shown that \ariationsof 
intensity were often very quick and sometimes possessing periodic 
characteristics Satisfactory explanations for sanous types of fading 
observed, particularly for short distance transmissions howeser, appear 
to be still very inadequate 

For reasons stated above it was considered useful to make some 
detailed investigations of the fading of short wave signals and a few 
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preliminary reports on such observations have already been published 
from this laboratory (6,7). The present communication is intended 
to exhibit the occurrence of various types of fading observed for 
short wave transmissions on wavelengths of 19 to 41-metre-bands 
from Delhi and also from foreign and other Indian stations. In order 
to study the finer details of the intensity variations of received signals, 
continuous records of the observations were made on much extended 
time scale. The various types of fading have been conveniently 
divided into three main groups according to their mode of forma¬ 
tion, namely, 

(1) Random variation of peaky type, 

(2) Slow and comparatively regular or quasi-periodic 
variations, and 

'3) Regular variations of periodic nature. 

The various types of fading have been accounted for by the 
different conditions of the ionosphere at the time of ob‘ervations. 
It has been further shown that such experimental investigations on 
fading of signals arc useful for the development and understanding 
of the principle of diversity reception of radio signals. Theoretical 
considerations and experimental observations show that it is possible 
to minimize the fading of received signals from a distant transmitter 
by space-divcisity reception with vertically spaced aerials situated 
at a much smaller distance between them compared to the distance 
required in case of horizontally spaced aeiials usually used for such 
reception, 

2. Theoretical Considerations 

It is generally assumed that the variations of intensities of radio 
signals at a distance from the transmitter are of random nature. Some 
investigators (5), however, have reported that this assumption does not 
hold good on many occasions particularly when the receiver is at a 
large distance from the transmitter This inconsistency between the 
observed and the theoretically assumed variations indicates that 
during the period of observatons there must have been occasions 
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when the variation of the intensity of signal was less random or it 
acquired some characteristic of periodic nature. 

For the above considerations the observations were recorded 
on a much extended time scale as stated before and all the three 
types of fading mentioned in the previous section were obtained. 
These types of fading have been found to continue sometimes for a 
fairly long time, and also the patterns of fading have been observed 
changing with time. 

The various types of fading and their change may be attributed 
to single, double or multiple spot reflections at the ionosphere. For 
example, the peaky random type of fading will be observed when there 
is only one spot reflection from the ionosphere with no other reflection 
either from the same or any other layet. Second type of fading namely 
quasiperiodic or slow random, is due to more than one spot reflection 
cither from one layer or from two different layers in the ionosphere. 
Evidently in such cases the resultant intensity of the received signal 
at any moment will depend on the vector sum of the independent 
components arriving from different spots of the ionosphere. Thus at 
an instant when the strength of the signal due to one component 
tends to increase, the other component may tend to decrease and 
thereby the resultant intensity may remain comparatively constant. 
This reduces the peaky nature of the received signal and gives rise to 
slow random pattern. The above principle of reduction of fading is 
utilised in space diversity reception by using more than one aerial 
system as described in the subsequent section. 

The third or periodic type cf variation of signal intensity may 
be attributed to two different causes. One is due to interference 
fringes caused either by single and double reflections from the.same 
layer or by two single reflections from two different layers, when one 
or both the layers have slow vertical movement. The other is dye 
to magnetoionic splitting of the incident wave at the ionosphere 
when the electronic density in the ionospheric layer is decreased to 
a value corresponding to maximum usable frequency for tJnhWaye 
A 48-3-3 



86 


Ram NfTi Singh 


used for transmission as suggested by Appleton and Beynon (8) Both 
these types of fading have been observed by us and the records of 
these are shown in the following section 

3 Fxplrimental Arrangfment 

A 5 valve superhet receiver was built without automatic 
volume control system and was employed for visual observations of 
the received signal intensities A sensitive and low resistance moving 
coil mirror galvanometer was connected in the diode circuit of the 
second detector of the receiver foi observing the fading of received 
signals Usually the observations were made at interval of 5 seconds 
and the scale deflections could be measured up to 50 ems 

In order to have a continuous record of the observations an 
automatic recorder was constructed The arrangement consisted 
of a 7-valve superhet commercial receiver, the a v c of which was 
made inoperative The rectified voltage developed across the 
resistance in the diode circuit of the second detector of the receiver 
was amplified by means of a two stage direct coupled amplifier The 
amplified voltage so obtained was applied to a recording galvano¬ 
meter which had a writing pen attached to it The initial piate 
current in the galvanometer was balanced by means of an external 
battery of about 30 volts The writing pen moved in a vertical plane 
over which 4-inch wide paper for recording was run by a self-governed 
electric motor The vertu al speed of the paper could be varied and 
the deflections of the recording galvanometer were calibrated for 
field intensities 

4 Observations 

Typical records of the three types of fading, mentioned m the 
previous section, are shown in figs 1 4 Tor convenience, the descrip¬ 
tion of the diagrams is summarised in table I below In order to 
check the conditions for different types of fading patterns, the electro* 
mic densities m F a —layer at the time of observations, were calcu¬ 
lated from the ionospheric data supplied by the Research Deptartment 
AH India Radio, Delhi, and they are included m the last column of the 
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table. These values may be compared with the minimum electronic 
densities required for single and double reflections from the F x layer for 
the distance betweenBanaras and Delhi (678.4 km), which werecalcula- 
ted and found to be 1.2 x 10** and 1.9 x 10° electrons jcc. respectively. 
For these calculations, thickness of the ionospheric layer and curvature 
of the earth have been taken into consideration. 


Table I. 


Figs. 

Date. 

Time in 
Hrs. I. S. T. 

Wave band. 

Type of 
fading. 

• 

Remarks. 

1 . 

23-5-46 

1411 

19-metre. 

Random. 

Single reflection 
From F» (N — 1.6 x 
10° electrons/cc.) 

2. 

7-5-47 

1730 

do. 

Slow 

Random. 

Double reflection 
From F a — layer [N - 
2.45 x 10 6 clec./cc] 

3. 

21-4-47 

1755 

do. 

Periodic. 

Double reflection 
from F t - layer [N ■* 
1.93 x 10*elec./cc] 

4. 

7-4-48 

0900 

do. 

Smooth 

Periodic. 

Single reflection 
from F t -[N«= 1.5 x 
10® clec./cc.] 
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Intensity Variations of Radio Signal ? 

It will be observed from Figs. 1 and 4 that under suitable 
conditions single reflections from F a —layer may give rise to either 
random or smooth periodic variation of intensity of the signal. Simi¬ 
larly from Figs. 2 and 3 it will be seen that doubly reflected signals 

from F ?—layer will give rise to either slow random or periodic 
variations from the received signals which may be superimposed on 
slow random variations. Theie is, however, a notable difference in 
the periodic nature of fading between Figs. 3 and 4. The former is 
due to interference fringes caused by vertical movement of the layer 
when the electronic density is laii ly high and the latter is caused by 
magneto-ionic splitting of the signal passing through the ionosphere 
with varying electronic density when it appioachcs the value corres¬ 
ponding to the maximum usable frequency lor the distance between 
the transmitting and receiving stations. Evidently the period on the 
formei occasion will be usually quick compared to that on the latter 
occasion as shown in Figs. 3 and 4 respectively. 

5. Spacf Divershy Rfcf-.pi ion. 

If there arc two rccei\ ing aerials separated by a few wavelengths 
from each other in a horizontal plane, it is possible that they will be 
acted upon by reflections from two spots in the ionosphere and con¬ 
sequently the vat iations of intensity in the two aerials will be indepen¬ 
dent of each other. This principle is made use of in space diversity 
reception, where the outputs from two or more teceivers connected to 
aerials w'hich arc several wavelengths apart from each other, are 
combined together to obtain a fairly constant strength of the signal 
received. It may be shown that such independent variations of the 
signal intensity can be obtained in two vertically-spaced aerials with 
much smaller separation than that required for horizontally-spaced 
aerials. 

In order to verify the above, two vertical aerials were erected at 
different heights and seperated from each other by about one-third 
wavelength and were connected to two superheterodyne receivers of 
equal sensitivities and placed near each other. The receivers were 
connected to the aerials with transmission lines. Arrangement was 
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made to observe the intensity of rectified signals m the two receivers 
as well as their tot ll intensities The variations of these intensities 
are shown in Fig 5 The dotted lme represents the variations of 
intensity in the lower aerial denoted by G in the diagram, the dash 
doted line shsws the variations in the upper aerial denoted by E , and 
the continuous line shows the resultant intensity T obtained experi 
mentally as described above It will be observed that though there-are 
laige varia ions in the two aerials G and h their phases are 
generally opposite to each other and as such the total intensity 
remains nearly constant 



TIME - M/N 

Fig 5 

In ordei to compare similar variations of intensities in the 
honzonatally spaced aerials, observations were taken with one addi¬ 
tional aerial installed at the same level as the upper aerial and 
situated nearly at the same distance from this, as the lower aerial This 
has been shown m Fig 6, where the dash dotted and continuous 
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Fig. 6 

curvesTepresent the variations of intensity in the lower and upper 
aerials respectively denoted by (.’ and A in the diagram, and the dotted 
curve shows the variations in the horizontally spaced aerial denoted 
by B. It will be observed from this figure that the variations of 
intensities in the horizontally spaced aerials A and B are practically in 
phase with each other, whereas the variations in the vertically spaced 
aerials A and C\ are generally out of phase. Thus the resultant out¬ 
put from the two vertically spaced aerials will be fairly constant as 
compared to the combined output fiom the horizontally spaced aerials. 

6. Summary and Conclusions. 

Various types of fading of shortwave radio-signals hav< been 

observed and they have been divided into three main categories, 

namely (1) random, (2) slow random, and (3) periodic. Visual and 

automatic records of the above observations have been made and the 

« 

various types of fading have been explained by assuming random 
scattering of radio waves from the ionosphere. The first and the 
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second type of fading have been attributed respectively to single-spot 
* or double and multiple-spot reflections of radio waves from the ionos¬ 
phere. The third or periodic type of fading has been found to be due 
to intcrfercnct fringes caused by either two waves reflected from one 
or two layers when they possess slow vertical movement or by magneto¬ 
ionic split waves, when the electronic density in the ionosphere reaches 
the value corresponding to the maximum usable frequency for the 
distance between the transmitter and receiver. Both the above perio¬ 
dic types of fading have been recorded and the conditions of their 
formation have been verified by the ionospheric data obtained at the 
time of observations of the fading patterns. Utility of these obser¬ 
vations in space-diversity .reception lias deen indicated. A part of 
this paper was read and discussed in the Indian Science Congress held 
in Delhi, in January 1947. 

In conclusion, the author has great pleasure in recording his thanks 
to the Research Deparmcnt, All India Radio, Delhi, for supplying the 
ionospheric data and to Dr. S. S. Banarjec for his guidance, criticis¬ 
ms and suggestions during the course of the present investigations. 
His thanks are also due to Pi of. G. C. Mukcrjce and principal 
M. M. Sengupta for their helpful interest in the work. 

Section of Communication 
Engineering & Applied Physics 
Banaras Hindu University, 

Banaras. 
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STUDIES IN THE NATURE OF HYDRATED FERRIC OXIDE 

PART H ADSORPTION OF VARIOUS IONS BY THE 
HYDRATED OXIDE IN ACIDIC, ALKALINE AND 
NEUTRAL MEDIA 

B) 

\rln K Di^ 

Dspcruhvi oi Cm Misrift l vim km n <fSai&\r 

\N1) 

Satyhshwar Ghosh 

DbH vrimi nt of Ciilmi i r\ l \i\ i rm i s oi Vll ui u \i 
Reid it tin mill iu, on ud M \ 1948 

\BSTR\Cr 

Ihe adsorption of the t itions s jdiuni md l]>'t md tint ol thi mi a 
thlondr, oxalate and lertocymidi bvhidiitid Unit o\id< his been stulnd 
qualitatively It his been obstm 1 tint tin idsjiption ol the can >ns s 
enhanced when the medium is ilhiline, when i tli idsoiption is minimum n in 
acidic medium On the othir hind, the idsnpti n of anions is pronounced in 
icidic medium, ind the tdsoition dicuises with lh< fill in hydrogen ion ( n- 
centration of the medium Hit icsults h i\< beui di i ussid md the mechanism Ins 
been explained on the basis of pi < l n don 111114 1 pi t a i <« ptitigt ipicits >f (In 
hydroxide under different conditions 

In Paxt I of the senes 1 we hate dcscubed out usults on tht 
pi ecipitation oi hydiatid feme oxide undei different tonditions ol 
temperature and with vaiying toncentiations of the na< t mts ferrn 
chloride and sodium hydroxide solutions It was obsem <1 that tht 
precipitation of hydiated ferric oxide is complete when tin amount 
of sodium hydioxide is about 7 pn cent less than tht theoictical 
amount needed Asimilat phenonit non has beta utoidcd by Button 
in the case of scveial hydioxides, wheit he absents thtl in all th< 
cases of the metal hvdroxides imestigated, a lessei quantits ol h\d- 
roxsl ions are able to bung about the scpaiation of metals as insoluble 
hsdiated oxides In tht cast ol input Indroxidt tht amounl ol 
A48-S-4 
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alkali required to precipitate copper as hydroxide is about 10 per 
cent less than the theoretical quantity as repoited in an earlier com¬ 
munication 3 . This phenomenon has been explained by us on the basis 
of hydrolytic adsoiption ol the ami ladical. lesulting in the libera¬ 
tion of an equisah nt quantity ol hydioxyl ions, which cause the pre¬ 
cipitation of the hydrated oxide. 

In the course of our studies on the adsoiption by amphoteric 
oxides, like stanau h\dioxide, as we ha\c obseiscd in an earlier 
paper 1 , the amount ol adsorption of ions by an amphotcnc oxide is 
intimately connected with the hydiogen ion concentration ot the 
medium m which the hydrated oxide is suspended. Thus, in the case 
of hydrated stannic oxide, in the presence of minute quantities of 
alkali, the adsorption of basic groups like silver ions or the dye me¬ 
thylene blue was pronounced, while in the presence of an acid, the 
adsorption offeirocyanide or that of the dye Orange II was prominent. 

Since fenic oxide, by virtue of its being able to form ferrites, 
is of an amphoteric nature, we have in this papei studied quantita¬ 
tively the adsorption of the basic ions sodium and copper —and that 
of acid ions -chloride, ferrocyanide and oxalate - in acidic, neutral 
and alkaline media. 

Experimental 

Hydrated ferric oxide was prepared by the intei action of equiv¬ 
alent amounts of ferric chloride and sodium hydroxide in aqueous 
solutions, The reagents were tested for their purity and the sodium 
hydroxide solution was free from carbonate. The solution of ferric 
chloride employed was estimated both for iron and chlorine and was 
found to contain these ions in equivalent quantities. For making the 
solutions, water free from carbon dioxide was used. The precipitate 
of ferric hydroxide was washed free from a majority of chlorine 
ions and finally dialysed till chloride ions were completely removed. 
The precipitate of (he hydrated oxide was then shaken with water 
in a Jena bottle till a homogeneous suspension was obtained. For 
all adsorption experiments the freshly' prepared suspension of ferric 
hydroxide containing 0.1358 gram of Fe a 0 a per 25 c. c. was employed. 
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For determining the amount ol' apartuulai ion adsorbed b> 
the oxide, 25 c. c. of the ‘uspension was taken in '■c\eial 100c. c. 
graduated flasks, and measured quantities of the solutions of electro¬ 
lytes were added. The medium was mule audit nt alkaline h\ 
adding 1 e. (. of Mr 100 solutions of cither sulphimt «.cid oi sodium 
hydroxide befote raising the \ohmic ol the mixture to 100 t. e. The 
heterogeneous mixture was well shaken and kept immersed in a thci- 
mostat at 30 J for half an hum. When the hsdiated oxide had 
settled, a measured volume of the t lea i supernatant liquid was pipet¬ 
ted out and the ion available m the solution deteimined. Knowing 
the total amount of the ion present in 100 t. o. of the mixture, 
the amount of ion assoc iatecl with the precipitate was found b\ differ¬ 
ence. In the tables below, the ions adsorbed b\ 0 3158 gram of 
ferric oxide aic expressed in milligram iors in a total \olumc of 100 
c. c. of the rnixtui e. 

A dun [) lion of Sodivm tom fwm sodium chloride solution 
Sodium m the supernatant liquid was detei mined b\ evaporating 
a measured \oIumc of the liquid to clnness with «t diop of hvdro- 
chlorie acid, heating the residue to constant weight and finally weigh¬ 
ing as sodium ehloiide. The tesults arc given in the following table. 

TXBI h i 



Ac idic Medium 

Xrutial Medium 

Alkaline Medium 

I 

Initial 

Concen¬ 

tration 

Final 

Conccn 

tration 

1 

Adsoi p- 
tioti 

i 

1 

Final 

Concen¬ 

tration 

1 

Adsorp¬ 

tion 

Final 

1 Concen- 
1 nation 

Adsorp¬ 

tion 

i 

20.00 

19.56 

0.44 

19.26 

0.71 

19 14 

0.81 

15.00 

14 82 

0.18 

14.34 

0.66 

14.23 

0 77 

10.00 

9.96 

0.04 

9.43 

0.37 

9 33 

0.67 

5.00 

3.00 

- 

4.56 | 

0.4-1 

4.47 

0.53 








% 


Ari n K Dfy and Sviylshwar Ghosh 


Idsorptton of tupnc ions from mpric sulphate solution 
Coppti was cstimHid m i me isured volume ol the supernatant 
liquid bv the lodonicti it method Since m m ilkilme medium there 
m chances of the nnio\U of coppci as h\elrt \i k the adsoi ption 
v\ is measured in acidic and neutial media <mh In Table II the 
i\) nmental usuits an pi evented 

1 \B1i u 



Acidic Medium 

\iuti d Medium 

lmtiil ^ 

( oi ci n 
ti Uion 

Fin il 

C oncin 
tr ition 

\dsoi ption 

final 

C oncen 
ti ition 

Vdsoiptum 

10 00 

18 O') 

1 95 

98 05 

1 95 

10 00 

28 15 

1 65 

28 15 

1 65 

>0 00 

18 65 

1 15 

18 65 

1 95 

10 00 

8 95 

1 0) 

8 95 

1_05 


idsorptton oj chlorine ions from sodium blond solution 
In i measured volume of the supeinatuit liquid chloride was 
cstimited by titration using standard potissium thiocyanate 
solution, and feme alum as mditatoi Tie idsorption of chlorine 
ions undei different conditions aie lecordcd be on 

Table in 


Acidic Medium Ncuttal Medium \lkalmt Medium 


Initial 

Concen¬ 

tration 


20 00 
1 $ 00 
1000 
5 00 


I mal 

Final 

Concen- 

\dsoi ption Conccn 

tiation 

tration 

19 97 

0 69 19 38 

14 56 

0 11 14 56 

9 75 

0 25 9 76 

4 89 

0 11 4 90 


Tinal 

Adsoiption ( oncen-Adsoi ption 
I ti ition 


0 62 19 43 | 0 >7 

0 44 14 60 0 40 

0 25 9 80 0 20 

0 10 5 00 — 
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Adsorption of fetrocyamde ions frdni potasiiim ftrrocyanide solution 
Ferrocyanidc was estimated bv titration against standard pot¬ 
assium permanganate solution. The change of colour ftom green to 
golden yellow marked the end point of the titiation. The adsorption 
of ferrocyanide ions are shown in Table TV. 



Acidic Medium 1 

Table IV 

Neutial Medium 

Mkaline Medium 

Initial 

Concen¬ 

tration 

Final 

Concen 

tration 

\dsoi ption 

Final 
Cone en- 
ttation 

Adsot ption 

Final 

Conccn- 

tiation 

1 

* Adsot ption 

1 

43.6 

12 0 

1 6 

42.0 

1 b 

42 5 

1 1 

32.7 

il.» 

1.2 

31.5 

1.2 

12 0 

0.7 

21.8 

21 0 

0 8 

21.0 

0 8 

21.5 

0.3 

10.9 

10.5 

0.4 

10.5 

0.4 

10.9 



Adsbrption oj oxalah ions from potassium oxalali solution 
Oxalate in the supernatant liquid was deteimined by titration 

against standard potassium peimanganate solution. The amounts of 
oxalate ions adsorbed are piesentcd in the following table. 

Tablf V 



Acidic Medium 

Neutial Medium 

1 Alkaline Medium 

Initial 

Concen¬ 

tration 

' Final 
Concen¬ 
tration 

i i 

. Final 

lAdsoi ption Concen- 
! tration 

i 

Adsorption 

Final 

Concen- 

ttation 

Adsorption 

80.0 

77.5 

2.5 1 

78.0 

2.0 

78.5 j 

1 5 

60.0 

58 0 

! 2.0 

58.5 

1 5 


1.0 

40.0 

38 5 

1.5 

39 0 

1.0 

39.5 

0.5 

20.0 | 

19.0 

1.0 , 

19.5 

, 0.5 


— 
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Discussion 

On a perusal of the experimental results presented in tables I to 
V, it is evident that the extent of adsoiption ofvatious ions investigated 
here, lie in the following order when the adsorption measurements are 
carried out in an acidic medium: 

Cu ++ > C a 0 “> Fc 'CN) ( ;-> Cl“ > Na + 

The order changes in a neutral medium to the following: 

Cu H+ ~~ Fe ^CN) 0 -- Na + „ Cl” > C 4 0 t -“ 

When the medium was made alkaline the order totally changed to: 

\a + Cl- Fe (CN)„ C 2 0" 

It ma\ be noted that the change «>f media from acidic to alkaline 
totally reverses the order in which the metallic 01 acidic ions are ad- 

4 

sorbed In an acidic medium, the adsorption of sodium was only 0.44 
mgm ions when the initial concentration was 20.00 mgmions, wheie- 
as in an alkaline medium the adsoiption increased to 0.86 mgm ions. 
On the othet hand, the acid radicals aie preferentially adsorbed in an 
acidic medium as found from tables III to V. 

In part I of the series, we suggested the following scheme to 
account for the chemical beha\iour of ferric hydroxide: 


Fe (OH), - Fe(OH'* + +OH“ .(i) 

2Fe (OH).+ = FcjD. + 2H + + H s 0 . (iil 

H++OH" - H,0 (iii) 


In equation (t) the precipitated ferric hydroxide liberates OH“ 
ions and is, therefore, capable of behaving as a proton acceptor and 
accounts for the basic nature of ferric hydroxide. Thus, if an excess 
of hydrogen ions is maintained in the system, the reaction will proceed 
from left to right and the basic character of the oxide will be more 
pronounced. Under these circumstances, acid groups like chloride, 
ferrocyanide and oxalate will naturally be preferentially adsorbed. 

Equation (ii) illustrates the acidic behaviour as shown by the 
liberation of a proton by Fe (OH ) a In this case the acid properties 
of the oxide are prominent, since it behaves as a proton donator. This 
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is substantiated by the observation that sodium ions are pieierentially 
adsorbed m an alk time medium and th it ihc adsorption oI sodium 
d m u slus as thi acidity ol the medium men iscs 

Ileetou, t is evident t hit sun ( tic iculoi basic piojeities of 
an o\id< is dependent on its p oton donating 01 pioton a cej t ng 
tajadty whchm<iyb< ie_,ul ited b> tlie hydrogen ion concentiation 
ol themed um the ulsoiption ol cations 01 imons would n a tut ally 
\aiy with the conditions ol h\d ogen ions ol ihe med uniiii which the 
hvdi iti d oxide i> su-.pi- ded 

I mthei work in this dnei t on it is hoped, will be able to sub¬ 
stantiate the view d(\c loped in ihe piesent senes ol ] a] ers on hvdro- 
xides 

lief, 

1 Diy and Ghosh J I, hanC/i m S l‘i49, ’b 

2 Britton J Uum Sr l >2>, 27 i l l 

T Dcy indGhosh,7 / ha Lh m &oc 1 147 24 181 

1. Dev ind Ghosh Prcc \at 4eai Set Inha l‘>4b, l >A 143 
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ON THE RATIONAL SOLUTION OF THE DIOPHANTINE 

EQUATION 

By 

D. P. Banerjef 


(Communicated bv PiolVssorA C Baneqi, Head id the Department of Mathe¬ 
matics, Allahabad University, Allahabad) 

Received on 24-3-49 


TchacalolT ami KaiamicoloIT 1 ha\c considered the solulion of 
of the Diophantine equation Ax m +By n - z p wlicic (/», «i 1 -/«, p — 
(a, p). Siegal 2 has piovcd the possibility of tin solution of the Diophan- 
tinc equation ax n — by 11 C. 

The Diophantine equation a(x m ~ l — 1) — b{ y 1t ~ 1 — 1) — z P -1 is 
required in solving mans problems m Thror> of numbers. Here 1 
shall prove the possibility oftlie existence of lalional solution. 

Tlie following theoiein is required 

Theorem 1. If in,n,/> are Coprime integers and M fm-1) 


(h - l){p - h and M, 


Af 


m- I 


Mo 


M , 

~n- 1 


M a 


M 
P~ 1 


and 




org, be a set of integers such that 1 +a r M r = 0 {mod mr- 1) mi —m, 
n, p, then the rational solution of the Diophantine equation /l*,”*” 1 — 
Bx t n " l =»*a ^ for which * n , a„ x 3 =£0 

, v H-oq My v a 2 A/j ^ M a 

will be given by m _ { *» — l A »^ZT 


_cq mi v 1+otj M% y t< fl Mjf 
w- 1 * «-1 n-i 

v «i Mj „ ct« M& y 1-f «i) M „ 
Xi ~~ Al p- 1 p- 1 8 p- 1 


A48-4-1 
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Rational Solution 


where AX x —BX t ^X n . 

If Oj be the value of « satisfying the equation 1+oq AfjsO {mod 
m - 1) then 1 +cq M x A-X (m — 1) ( mod m — 1). Hence the equation 

1 +(*! M l sO (mod m t - 1 ) is satisfied in an infinity of ways. 

It is evident that we can always find intcgeis x» X* X, satisfying 
the equation A X x — B X t - X z when A and B aic rational. 

lTX lt X t ,X x satisfy the equation AX 1 — BX % JT a then X^-^ 
X x -\-X B, x j l ~X t x hA will also satisfy the equation. Hence the equation 
A - BX% - X s may be solved in infinite ways. 

Hence the Diophantine equation A X x BX % P" 1 may 

be solved in an infinite ways. 

Since l-b^aj.30 {modmr— 1) and M x z*0 {mod p— 1, »-l)» 
Af,sO {mod m-l, p— 1); jW 3 hO {mod m — 1, n»-l) and X x , X % , X % are 
integers then x Xt x t , x 0 will also be integers. 

Theorem 2. The Diophantine equation a{x *•■*-1) ~b{y * ri — 1) 

- z P" 1 may be solved in integers in an infinite ways. 

Let x -k x x — 1 andj> nml -\irxi H “ 1 , x 9 ~ 2, a l ~Xa } A l =»|t/. 

Then a 1 x x m ~ 1 — b l *"*-=*jir # P - *.(1) 

By theorem 1 the equation (1) maybe solution integers in an 
infinite ways. / 

Again 81 the equation a :” 1-1 — X x x m ” 1 — 1 has at most one solution 
in integers x,y when % exceeds certain limit which depends on m when 
m>C. 

Since we have infinite number of integral values* of x x we have 
infinite number of integral values of x satisfying the equation x *►*-. 
X x x **‘ 1 ** 1. similarly for 

Hence the equation a{x w ^-l)-f»(j> *^-1)may be 
solved in an infinite ways where m t », p are relatively prime. 

IV * 

w Rtfmnct. 

L Tchacaloff and Karamicoloff (1940) 

, Comp tea Rendu# (Paris) p. 210 

2. Siegel (1930) Btrtuur SU&ngsltruht* pp, 1-70 

3. Siegel. l.c. 




NEW I&ES IN CARBON SPECTRUM 

By 

A S Varma M ba , Ph D. 

PflTStci Dkpartmknt Lucknow Uniyt asm Lt cknow 
(Received on lcbruaiy 28, 1948) 

(Communicated by Prf f D B Deodhar I ucknow Umvm ty lucknow.) 

ABS1RACI 

The emission spectia ft non n 1 p lie s impl s ol ml) nwer ph togriphed 
on a Hilger Medium si/e Qu irtr Spect aph E ^ in the regie n I > 100 t 7 000 
A U by arcs running on 220 \ lt D ( nndoi yin r trent 1 imps lhe 
lines in the iron spectrognmw c id ntifi d nd tl el tiv p-> u ns of tl c taibm 
lines were m isuted l > II lg r s C mpuatoi and tl eir wave lengths were calculated 
by applying Hartmann s Int rpoliti n f im ill Tl < lines due to impuities present 
in carbon specimens were eliminated, but m idduion t tilt pul lished carbon 
lines there wis a positive indication of the prestnee of a fanly lirge number of 
new lmes if vary ing intensity which ate attributed to carbon 

iNTRODtJC TION 

Much work has been published m the post )ears on the analysis 
of line and band spectra of carbon in the ultra-violet and the extreme 
ultra violet regions by fowler and Selwyne (1928) and Johnson (1925) 

In the ^our&e of the spectroscopic investigations on some com¬ 
pounds with the help of the carbon arc it was noticed that there were 
some new lines attributable to carbon, and it was thought desirable 
to make an independent observation on the carbon arc to slttle this 
point A carbon arc of spectroscopically pure s] ecimens of carbon 
rods was set up for this purpose and spectrograms were photographed 
m the region of 2,100 to 7,000 A U 

The observations were repeated a number of times and it was 
discovered that new lmes existed on all the plates These lmes do 
not seem to have been recorded by previous workers 
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Experimental 

The Hilger medium size quartz spectrograph was used to photo* 
graph the iron and carbon arcs in juxtaposition with two consecutive 
holes of Hartmann's diaphragm The essential feature of this spectro- 
graphis the Cornu Prism which is composed of two 30° prisms of quartz 
of opposite rotatory power-one dextro and the other lae\o rotatory 
prisms in optical contact so as to cancel the optical rotations 

Ilford Hypersensitive Panchromatic Plates H P i were exposed to 
photograph the emission spectia of the arcs run on 220 volts D C 
carrying 3 amps, current These plates weie ex] o«ed and de\ eloped 
m absolute darkness and the spectrogram was pht< graj hed m the 
region extending from 2,100 to 7,000 A U 

The lines of the iron spectrogram were identified and compared 
with the standard spectrograms published by Hilgers and the positions 
of the carbon lines were measured with reference to the iron lines oi 
known wavelengths by means of the Hilger measuring micrometer 
L 13 and their wave-lengths were calculated by appyling Hartmann's 
formula which is fairly accurate over short ranges of wave-lengths 

The Hartmann’s interpolation formula gives 

A, ■ 4* ———— 

T)—ri 0 

where 

A is the wave-length of the line in question 

A®, C, rjo are constants 

and tf, the position of the unknown line on tne micrometer scale 

Measuring the distances of three known lines of Fe-spectrum 
and substituting in the above formula provides a set of simultaneous 
equations from which all the three unknown constants can be easily 
evaluated 

Knowing all these constants and measuring the distance of the 
unknpwn carbon line with reference to the identified iron line the 
wavelength of the unknown line can be calculated 
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In this way die wave-lengths of a large number of carbon lines 
have been measured. 


* 

Observations* 

The carbon electrodes used for the arc spectrum wcie supplied b\ 
Adam Hilger Ltd London 

The report accompanying these carbon electrodes which were 
prepared under extraordinary special conditions with a view to obtain 
purest possible carbon revealed the pi csence of the following impuri¬ 
ties in traces on spcctrographic analysis 


Sodium 

Na 

Magnesium 

Mg 

Calcium 

Ca 

Strontium 

Si 

Copper 

Cu 

Manganese 

Mn 

Aluminium 

A1 

Silicon 

Si 


According to the report, the lines due to Potassium Barium and 
Aluminium were not in evidence and the report provides a table of 
wave-lengths of th lines due to impurities present in the specimen 

These lines have been completeh eliminated from the spec¬ 
trogram of the carbon, photographed Further all those lines found 
in the carbon spectrum appended in standard tables (1924) and (1932) 
have been taken into consideration. Apart from all these lines, there is 
a positive evidence of the presence of some more lines in the spectrum 
which have not been published by other workers 
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A table of the new carbon lines as observed is given below :— 


S. N. 

Wave-length of 
new 

Carbon lines 

Frequency 

Intensity 


A. U. 

cm” 1 


1 

1197.600 

23823 13 

3 

2 

3851 727 

25962 39 

3 

3 

3202 585 

31224 79 

2 

4 

3197 859 

31270 93 

2 

5 

3191.122 

31336 96 

1 

6 

3185.438 

31392 87 

4 

7 

3183 917 

31407 86 

5 

8 . 

3133 224 

31917.10 

3 

9 . 

3130.246 

31947.37 

2 

10 

3125.591 

31993.96 

3 

11 

3120.705 

32044.05 

2 

12 

3118.442 

32067.3 

5 

13 

3053.327 

32751.17 

4 

14 

3033 426 

32966.03 

2 

15 

2957.261 

33815.08 

1 

16 

2941.285 

33998.75 

2 

17 

2920066 

34245,8 

2 
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S. N. 

Wave-length of 
new 

• Carbon lines 

frequency 

Intensity 


A. U. 

cm" 1 


18 

2905.113 

34410.2 

2 

19 

2892 510 

31572.05 

1 

20 

2701.375 

37018.18 

2 

21 

2690 844 

37163 06 

2 

22 

2683.423 

37265.84 

2 

23 

2388 59 

41865 70 

4 

24 

2375 18 

42102.08 

5 


The intesity of these lines has been recorded taking the intensity 
of the brightest line in the spectrogram as 10 


Conclusions 

After eliminating all lines due to impurities in the carbon speci¬ 
men and the published lines of carbon there is a positive indication 
of the existence of 24 additional lines of carbon, the wave-lengths, 
frequencies and intensities of which are given in a tabular form. 

A major portion of these lines are faint in intensity but their 
positions can be properly located with the help of the Hilgen 
Measuring micrometer L 13 using a suitable magnification. 

These lines do not appear to belong to the bands pVcsent in 
the carbon spectrum 


Aoknowlxdoeicent 

In conclusion, the author expresses his sincere and grateful 
thanks to Prof. D. B. Deodhar for suggesting the problem and for 
his valuable guidance and to the University for a research grant. 
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STRAZZERFS FORMULA IN RECTILINEAR CONGRUENCES 

AND ITS APPLICATIONS 


By 

Ram Behari and Ratan Suanker Mishra 
Delhi University 

The object of this paper is to establish Strazzeri’s formula * in 
Rectilinear Congruences by tensor methods and to obtain from it or 
directly various forms for sin 0 where 0 is the angle which a ray of 
the congruence makes with the normal to the surface of reference at 
its point of intersection with the surface. 

1. Let a Rectilinear Congruence be defined by the co-ordinates 
x* (a 1 , a 9 ), i => 1, 2, 3 of a point Af on the surface of reference S and 
by the direction cosines A‘-A J (it 1 , a 9 ), i— 1, 2, 3 of the line passing 
through Af. 

Then \*.A*=1. ... (H) 

The functions A* may be expressed in terms of the direction 
numbers x l , « (a = 1, 2) of the tangents to the co-ordinate curves on the 
surface through Af, and the direction cosines X 1 of the normal to the 
surface at Af. Thus 

X'-p'x'^+qX' ... ( 1 * 2 ) 

where p a are the contravariant components of a vectjpr in the 
surface at Af, *q' is a positive scalar function and x*, « denotes covari¬ 
ant differentiation of x i with regard to a* based on the first fundamen¬ 
tal tensor 

. . .. _ - 

* See Stressed, Palermo Rendicontl (1927), p. 130 ; BeharL R, Jour. Ind. 
Math. Soe., New Series, Vol. II (1936), pp. 163-164, 
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imt m ^*»fi 


of the surface S. 

From (1*2) we get, by virtue of (11) and (1*3), 

A*.A*a (p a x t , a +qX') t*, p +qX')-p a p*g a i+q' 
or 1 -p a p aj rq'~ PaPt g aB +<' 


(1*3) 


(1-4) 


If 6 is the angle between the normal to *S* at M and the line a of 
the congruence at M, it follows from (1*2) that 

cosfl«A* A'-q .. (1*5) 

The equation (1 4) assumes the form 

PmPag*'-*' n J 0 . (1-6) 

Suppose the determinant fa*,*** jsA') -e a p . (17) 

then 

e aa e is ^8ay&as~gas8av • 0 0) 

and the equation (1*6) becomes 

PaPaSsy** 7 '"“Sin'G • (1‘9) 

2. The direction numbers x l ta (a - 1, 2) of the tangents to the 
co-ordinate curves on the surface of refereifife through M, may be 
expressed in terms of a* and A*„ (<t - 1,2). Thus 

•• ( 2 - 1 ) 


. where A', a denotes covariant differentiation of a 1 with regard to 
u a based on the first fundamental tensor of the spherical representation 
of the congruence, 


@afi A )fl 

... (2*2) 

From (2*1) a 

... (2*3) 



where E a fi ™ (A*, a A‘,/j A*), 

- St! 

< Eafi Eyi m G«n Gfi% “*G«s Gfiy 

and EPfi is a tensor conjugate to E m $. 

... (2-6) 
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The first fundamental tensor of the surface of reference S is given 
by 

gaP 3 ~PapP +?«* <he 

whence, using the equations (2 4), we get using Eisenhart’s notation 
£=*„ -p;+q?l r, =/>. , +ff.[G<’-2F,/' +E/-] 1 

Fm tn-PiP,+ ?. r ?7.“ AF.+jJiPV - W - F«+E* /' ] • ... (2*7) 

0‘>h-p:+i\U-P‘+ l H .lG/'-2fgf+EC] 

From these equations 

Ear E K M‘*irrp.p,!*'><>* 
or usin^ the equations (1*8) and (2 4) in this equation we get 

EG—i.*" 08 *®- (/(T-^} ,or ^ COS0 “ PlPt 

where ds and do are the elements of areas of the surface of reference at 
Af and the spherical lepresentation of the congruence and p t ,p t a.rc 
the distances tj the focal points fron the surface of reference. 

This formula can be proved alternately by considering the 
determinant 

(X',a X\p ”), 

wh ; ch with the help of the equation (1*2) can be written as 

(*,’« x',p P'x'x+qXi). 

In virtue of (1 7) this determinant becomes equal to 

qe a fi. 

using (2*1) the determinant also beomes 

(M f +fVA fA’+jV., a*) 

which using (2 5) is equal to 

8 


(2-9) 
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Hence 

or 


E ys 

9*i«- {q\q\’-q\ < tt)En 


or using (2*4) we get q 
Hence 


«» 

E~ EG_F* 


a ds 

COS0, T *™ ?1 9% ' 


of p 


3. The equation (1’9) gives an expression for sin a 0 in terms 

> 

sin* 0 ~p a pfi g iy e ay e?*. 


When expanded this equation becomes 

««• 6 - g , [p; gip;e-2 p,p, f\ 


(3-1) 


Using Strazzeri’s formula we now find out another expression 
for sin* 0. 


Covariant differentiation of A' in the equation (1 *2) gives 
=*p a x\ af }~\~p a ,p x t ta -\-gX t ,p-\-X 1 g,g 
which by means of Gauss and Weingarten equations 

and V ... 

, £****»• ) 
cin be written in the form 

Ay+'tX 1 

0 

where qA^gi 

*a m q>a+P p d a p 


(3-2) 


(3*3) 


From the equation* (3*3) the first fundamental tensor for the 
spherical representation of the congruence is given by - 

’ ... (3*4) 

Also using equation (3*3) 



or |i T -g” x‘ nf «"* «* T V T- **„ 

. t G-T . £/-Ft , G/-/\' , £e~F/ ,,,. v 

whence |i\- —|i\ - jL ^r~ , ~tr^ ** 1 - ~n — /Sa ) 


Using (3 5) in (i 4) wege', 

E -G„-,\+l* 1 ’, ->•,*+;/. rc-’-w +«n 

F»G„“»,r f +|i 1 ', H.y™* *’*+ -Ftg+Egf 1 ] 

G-G.-rZ+l*/ /■+£*•] j 

Fiom these equations 

ll“V» «r. '/ s t '*y)‘ (.*.» r*' 

or (*„, £<■«)’ (l-r„"„ G„ E*r l‘ r E.,F, T V 

£C- iF-Il - VO ®r. - (^p)’ 


or 


EG—*’ 


01 (?;)' ll -'«"' c » 

Jin*e - V /1 C„ £*r£0* 

in conseq lence of Straz/eri’s foimula. 

When expanded this expre r sio assumes the foi in 

i a F.'G+r/E-?^^ 

0 - H . 


• « j 

sm ' 


(3 6) 


0 7) 


(3 8) 


4 The expression (3*7) for sin'0 tan be obtaired ndcpendently 
of Straz7cri*s formula as follows — 

The functions X 1 may be expressed in terms of A* and A* M 

Thus ^-r-.V.+tfA' - (4*1) 

where /* are the contravariant components of a vector in the spherical 
representation of the congruence, * q * is a positive scalar (unction and 
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A* « denote? covariant differentiation of A 1 with regard to a" based 01 
the first fu idamental tensor w 

*'» •• (4-2) 

of the .urface S 

From the equation (4 2\ cos 6 ~A' V' q, 

X k l , a ^V^G a fi ~v a 

md X l X>= v” a' *-t 7A)(v^A p H* l i 

oi 1 ■*’’ a vP 1 t 

oi sm'fl “ v a* a 

oi sm*0 ^v a vp G a P 

oi sin*0 =■ v a vp E a vF&*Gy 6 

in virtue o r (2 >) and f2*6) 
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Abstract 

As its title indicates, this paper (divided into four sections) is devoted to a 
somewhat detailed discussion of the nine systems of (oo 1 of) conics of double oscula¬ 
tion—real or imaginary—attaching respectively to the nine points of inflexion of 
a given (bicursal) cubic J 1 . 

In Sec. I Chasles’s characteristics, associated with any of the nine sets of 
conics have been determined, and the loci of the centres and foci have been shewn to 
be of respective degrees 4 and 12, whereas the envelope of the asymptotes is found 
to be of class 14. 

Notice has been further taken of the 

(i) thru rectangular hyperbolas; (ii) four parabolas; 

(ill) four pairs of lines (inflexional tangents); 
and (iv) thru ‘cognate’ sex tactic conics, 

that are included in any of the nine aforesaid systems of conic of double os cul a t io n . 
Incidentally, a symbolic (irrational) form of T in terms of three ‘cognate* conics of 
double osculation has been established. 

In Sec. II the Af-invariant, the Jacobian (covariant) and a certain relevant 
contra variant, related to an arbitrary triad of ‘cognate* conics of double oscu l a ti on, 
have been taken into consideration. Special attention has been paid to the triad 
of (cognate) conics (of double osculation), qualified by a zero Af-invariant. 

In point of fact, it has been definitely proved that such a triad of conics— 
which includes, as a particular variety, the three ‘cognate* sextactic conics— 
p oascs ses a common self-conjugate triangle. 

A46-4-3 
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Sec. Ill dealt principally with the canonical homagentous forms, which three 
‘cognate* conics of double osculation—-having a null Af-invariant —assume, when 
their common self-conjugate triangle it chosen as the tnotgU of reference. Pro¬ 
minence has been given to the particular case when the three ('cognate') conks in 
question happen to be the three sextactic conics, included in the system. 

Lastly, Sec. IV begins with a lemma, touching on the ’infinitude of ‘equi- 
anharmonic* cubics, 'each of which counts, among its aggregate of polar conics', three 
assigned conics, endowed with a common self-conjugate triangle. The lemma has 
been finally applied to the investigation of the series of ‘equi-anharmonic* cubics, 
that have for their common polar conics, an assigned triad of 'cognate' conics of 
double osculation,—which may or may not be sextactic conics,—related to a given 
(bicursal) cubic and qualified by a &ro Af-invariant. 

Introduction 

The present paper, as its name implies, is devoted to a discussion 
on the nine systems of conics of double osculation {real or imaginary), 
which a bicursal cubic possesses under normal circumstances. As is 
well-known, (non-degenerate) plane cubics are classified as bicursal or 
micursal, according as their deficiency or genus is 1 or 0. Little or no 
notice has been taken in this paper of the comparatively simple theory 
of nmund cubics, considering that they are derivable from ordinary 
codes by the process of “quadric inversion" (i. e., circular inversion 
combined with projection). Of course, most of the properties of 
bicursal cubics, when properly modified, hold also for untcursal varieties. 

As regards the special use of the term osculation in this paper, a few 
words of explanation are called for. It is common knowledge that, 
whilst the ‘osculating conic* of a curve f at a point P is generally 
defined as the conic, having five-pointic contact with f near P t two 
arbitrary curves f and F are, generally speaking, said to 'osculate' each 
other at a point P , provided they have only three-pointic (and not five- 
pointic) contact with each other near P. In the present context, by 
a 'conic of double osculation * of a cubic JT is meant a conic, having 
three pointie contacts with /* at two points, which are usually distinct 
but day in special cases coincide. 
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As a matter of convenience, the paper has been divided into four sec* 
dons. Section I treats of certain characteristic properties of anyone of 
the nine systems of oo* conics of double osculation, attaching respectively 
to the nine points of inflexion of the cubic T. The infinitude of conics 
of any of the nine syitems—spoken of as ‘cognate* to one another—con¬ 
tains, among others, three sextactic conics of S’. Then Sec. II deals with 
the .Af*invariant, the Jacobian covariant and cubic contravariant, asso¬ 
ciated with an arbitrary triad of ‘cognate’ conics of double osculation and 
rightly lays great stress on a specialised triad of such conics, having a zero 
M“invariant\ the intrinsic importance ofthe last-named category of triads 
(of conics of double osculation) lies in the fact that it includes, within 
its fold, the triad of‘sex tactic' conics. Thirdly Sec. Ill disposes ofthe 
canonical (homogeneous) forms of a triad of * cognate * conics (of double os¬ 
culation)—belonging to any one of the nine systems—having a zero M- 
invariant. Finally Sec. IV begins with a digression on an arbitrary 
triad of conics, having a common self-conjugate triangle, and ends with 
an application to the special triads of conics of double osculation (ofIt 
cubic), having a zero Af-invariant. 

I beg leave to add that, although the subject-matter of this paper is 
classical in origin and there are occasions on which I have felt constrain¬ 
ed to touch on known results, still I honestly believe that this paper em¬ 
bodies a very decent amount of original contributions to the subject. 
Even in the disposal of known results, there is, I believe, tome novelty in 
the mode of treatment. 
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Section I 

(General properties of systems of conies of double osculation.) 

Art . 1.—We know from the Theory of Higher Plane Curves 

(i) that if a conic has three-pointic contacts with a given 
cubic f (bicursal or unicursal) at two points P, the 
chord PQ must cut P at a point of inflexion I; 

and (ii) that, conversely, if an arbitrary transversal IPQ, be 
drawn through a point of inflexion 1 of the cubic P, then 
a uniquely determinate conic can be described so as to 
have three-pointic contacts with T at P, Q. 

Thus, intimately related to a point of inflexion / of a cubic P, 
there exists a family of oo 1 conics of double osculation, whose chords 
of (double) osculation form a pencil through I. If, then, P be 
supposed to be a bicursal cubic of the most unrestricted type, it must 
have nine sets of oo 1 conics of double osculation, attaching respectively 
to the nine points of inflexion (real or imaginary). For felicity of 
expression, we shall use the adjunct “ cognate ”, in connection with 
two.or more conics (of double osculation), to signify that the conics 
in question belong to the same family, i.e., that their associated chords 
of double osculation pass through the same point of inflexion of the 
cubfc. In other words, two conics of double osculation (of P) will 
be termed “ cognate ” or “ non-cognate”, according as their related 
chords (of double osculation) do or do not pass through the same point 
of inflexion. Adopting this nomenclature, we can simply assert that 
a bicursal cubic admits, in general, of nine distinct families of cognate 
conic* of double osculation. The main purpose of this paper is to 
make a systematical study of the afore-mentioned families of conics. 
Our object will be realised if we confine our attention to only one of 
the nfne systems of conics (of double osculation); for the intrinsic 
properties, shewn to hold for any one c£ these systems, must, from 
considerations of Symmetry, hold also for each of the remaining eight 
systefos. 
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In the analytic investigation to be initiated in the next article 
we ihall find it to our convenience to approach die subject in an 
indirect manner. 

Art. 2.—'We shall first make use of a lemma, (the truth of which is 
intuitively evident) viz., 

If P, Q, be the two points (real or imaginary), where a given 
conic S is met by a given right line u, the most general equation of a 
cubic, having three-pointic contacts with S at each of points P, (Ms 
representable in the form : 


... (I) 

where v is an arbitrary right line, involving necessarily three arbitrary 
(or disposable) constants. 

A cursory glance at (1) suggests that the chord of double oscula¬ 
tion, viz., it cuts I* at an inflexion, the tangent at which is v ,—a fact 
otherwise obvious on a priori grounds. We may now look at the 
matter from a different perspective, and affirm that, if the cubic be 
given in the first instance and S be any of the infinitude of conics of 
double osculation, the equation of f must be of the symbolic form 
(I), where, of course, tf, v are two right lines, of which the former is 
the chord of osculation, and the latter is the tangent (to -T) at the 
related point of inflexion. If, as a measure of expediency, this point 
of inflexion be taken as the origin 0 of Cartesian coordinates (in 
general, oblique), and the lines 

tf«0 and d—0 

be taken respectively as the coordinate axes 

x—0 and jf—0, 

the Cartesian equation of the original bicursal cubic T may be thrown 
iqto the form 




. . (II) 



120 

where the conic, viz.. 


Haridas Baoghi 


S&tax*+2hxy+bf+2gx-{-2jp+c-0 . . . (1) 

osculates 2” at its two points of intersection with the axis x—0. Need¬ 
less to say, the axisj>-0 is the tangent to t at the point of inflexion 0. 
The equation (II) being equivalent to 

(S+SxxM-SxVr+xy) y-(x+\y)*, . . . (Ill) 

(where A is an arbitrary parameter), we readily recognise that the 
general equation of the family of oo l cognate conics of double oscula¬ 
tion (including the first conic S as a particular member) is 

5+3A^+3A a xy+Ay-0, •) 

r • ■ • (2) 

i.e., (a+3\)*+2(h+ik»)xy+(b+\ 9 )f+2gx+2fy+c-0. ) 


It goes without saying that the pencil of corresponding chords of 
double osculation,—passing; of course, through the related point of 
inflexion 0 —is denoted by 


x+Ay—0, . . (3) 

where A is, as before, a variable parameter. 

It is clear on all hands that, by choosing the parameter A in 
diverse ways, one can easily deduce, from (2), the equations of 
( i) the three sextactic conics, 

(ii) the/our parabolas, 

(iii) the three rectangular hyperbolas, 
and (iv ) the four pairs of right lines, 

that are included in the family of conics of double osculation, appertain¬ 
ing to the point of inflexion 0. Judging from elementary considerations, 
one can readily perceive that, unless the cubic T is specialised to a 
certain extent, the family will not include even a single circle. 

Thfe four cases (i), (ii), (iii ) and (iv ) will now be dealt with 
serially. 
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Cm s. Observing that (2) will be a sextactic conic of /*, if it touches the 
chord of (double ) osculation viz. (3), we promptly realise that the 
three sextactic conics*, belonging to the system (2), are represented 
by the Cartesian equation 

(a+3x r ) * a +2 (A+|A r a ) xy+ (b+\ r *)j>*+2gx+2fj>+c-0, (IV) 
and that the three associated sextactic points are 


( c±r 



and that the tangents at these points are 

a+A^-O, 


provided that r runs through the values 1, 2, 3 in succession, and that 
*x>*«>*s are the three roots of the cubic' 1, in A, viz., 

cA*-fi?A a -|-2//A+-d«-0. (V ) 

Cast ii. The system ( 2 ) includes four parabolas, whose Cartesian 
equations are of the form: 

{a +3Ar)* a +2 (A+fA r “)xy+(4 +k r *)y+2gx+2Jy +c - 0, (VI ) 


provided that r runs through the values 1, 2, 3, 4, and that k Xt 
kt are the four roots of the biquadratic in k viz.. 


(*+3A) (*+*•)-(*+#■)• 


• IS Ml Ml 


k*, k 9i 


(VII) 


* The three sextactic conics will be hereafter referred to as a triad of "cogrutW* 
sextactic conics, and their related sextactic points will be termed "cognaU". That is 
to say, two sextactic points are esgntU or non-cognctt according as they are or are not 
t*4angtntial. So the adjunct "cognate", when applied to sextactic points is 
synonymous with ct-tmgmtiel, the common tangential being of course a point of 
inflexion of the cubic. Thus a bicurtal cubic f must be said to possess nine triads 
of 'eognaU' sextactic conics and nine, associated triads of “cegMfe" sextactic points. 

♦As usual, the capital letters ( A , B, C, F, G, H) denote the co-fhcton of the 


corresponding small letters (a, b, c,f, g, k) id the determinant: 


* k 
k b 

t f 
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Case iii. The s> stem (2) includes three rectangular hyperbolas, whose 
Cartesian equations are of the type: 

{a +-3m r )x*+2 (h +f m r *)xy + (A + m r *)f+2gx+2fy+c - 0, (VIII) 

provided that r runs through the values 1, 2, 3 and that m lt m it m m 
are the three roots of the cubic in m , viz., 

(a-f-3m)-t-(A+« 8 )—2(A4-#«*) cos o>-0, . . . (IX) 

( w denoting the obliquity of the Cartesian axes ). 

Case iv. The system (2) includes four improper conics (i. e., conics 
composed of pairs of right lines), whose equations are of the form: 

(a+3» r )xM-2(A4inr a )*y+(*+Oy+2g*+2j3>+c-0, (X) 

provided that r runs through the values 1, 2, 3, 4, and that n t , n* n%, 
n 4 are the roots of the biquadratic in ti, viz., 

u+3n, A-f| b“, g =0. . . . (XI) 

A+f»*> A+n’, / 

8 > / > « I 

If (| r , ffr) be the two constituent lines of the improper conic (X) for any 
of the four values of n r , satisfying the equation (XI), and if we set 

it = x+nrji' 

then the equation (II) or (III) of the original cubic f can be alterna¬ 
tively put in each of the four forms, viz., 

irnrl-V, (r-1,2,3,4). . . . (XII). 

Remarking that the four lines of the type {£,} all pass through the 
inflexion 0, and that the related harmonic polar (say, £), viz., 

gx+Jy+c=*0 

is the common polar line of 0 w. r. t. the different conics of the system 
(2),—including, as special varieties, the four line-pairs of the type 
(f r , iff) —and interpreting (XII) geometrically, we are squarely led to an 
alternative jyoof of the following known result: — 

J/0 be anj out of the nine points of inflexion (real or imaginary) of a 
bicnrsal cubic JT, the remaining eight points of inflexion can be grouped into 
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four pairs , such that the two inflexions of each pair ate lollinear with 0, and 
that their related tangents—of the type {£ r , ? r |—intersect somewhere on the 
harmonic polar £ ofO, 

Art 3. For the sake of brevity we shall now introduce the following 
notations:— 

S\M 6' + Sxsr 8 +3X" 8 ry +A J y J 

= (a+3x) (A V> h{b \ X^y'+'lgx+'ljy+c 
and T\3X+Ay. ... ... ... ... (11) 

Accoidingly, the equation of the original cubic f, vi/., 

S.y - x 3 ... ... (Ill) 

can be alternatively put in the form 

... ... .. (IV) 

It is liardly necessary to mention that, inlei preted geonictikalJy, the 
equation 

6\ - 0... ... ... (V) 

deliues, for vaiying values of the parameter X, a family ot to 1 conics of 
double osculation, whilst the equation 

r x - 0 ... ... (Vf) 

defines the pencil of coriesponding chmds ol (double) osculation, 
(passing, of course, thiough the point ofinllexion 0) 

If we now select three arbitrary conics of the system (V) by as¬ 
cribing three arbitrary values (say, x u A*, A a ) to A, we can rc-writc 
(III) in each of the tliree symbolic forms: 

S\f.y-~ (*+V) 3 « fr-1,2,3). ...» (VII) 

If, then, l, ot, n denote the constants 

Ag — Ag, Ag — Aj, Ax Ag 

respectively, the three equations of the type (VII) are easily seen to 
lead to the following irrational form (of I"), viz., 

t m , S\n -«0. ... (VIII) 

A+y-4-4 
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The net result is that the equation of a bicursal cubic T can be represented in 
the symbolic irrational form ( VIII ), provided that S\ Xt £x»»•Sx* are an arbitrary 
triad of cognate conics of double osculation , (belonging to any one of the nine 
systems). 

We may remark in passing that the conics (S\ lt $xa) of 
(VIII) may, as a special case, consist of 

(i) the three cognate sextactic conics included in the system {£xl 

or (li) any three of the four pairs of tangents 

(£u k)> ({», 9s)» (is. na)> and (f 4 , i? 4 ), 
drawn respectively to r at the four pairs of inflexions, collinear with 
the (inflexion) 0 (Art. 2). 

Finally, let us select (at random) two cognate conics of double 
ossculation A\j, S \ a and then describe an arbitrary conic U through their 
(four) points of intersection. So we may write 

UsS Xl +k. S Xa , 

where A is an arbitrary parameter. 

There is no difficulty in re-writing the equation (III) of Tin the 
modified form: 

(1+*) <*+} [3 Ui+A*,)* J +3 (A^+kx,*) xy+ Ui*+kx % *)y*-U]-Q. 
Interpreting this equation geometrically, we come to conclude that, \f 
S^and S\t be any two cognate conics of double osculation of a given bicursal 
cubic T, an arbitrary conic U, drawn through the four points of intersection 
(i real or imaginary ) of S\ t , S u must cut tat six points , collinear in pairs with 
the related point of inflexion. , 

In the next article we shall refer to certain loci and envelopes, 
connectcaL,with a family of cognate conics of double osculation, viz., 
tfxh 

Art* 4. Scrutinising the point-equation of i«S»xl a* well as its tan¬ 
gential equation, one can easily verify that Chasles* characteristics (**, v) 
for tlfe system are given bv 

[1-3 and fl-4 
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Thi» corroborates the results, (arrived at in Art. 2) viz., that {S*} 
contains, within its fold ,four parabolas and three rectangular hyper¬ 
bolas. 

Now the centre-locus (ft) of {*S\}—which can be anticipated to be 
a curve of degree v (i»e., 4)—is easily obtained in the form : 

1 , , 0 , hx+by-lj , 0 -0. 

0 , y , , 0 , h\+by+J 1 

# , 3a; , ax+hy+g , 0 , 0 

0 , $y , 3x , ax+hy+g , 0 

0 , 0 , iy , ix , nv+ky+g 

By a' priori reasoning one can easily substantiate the following 
statements concerning the quartic fl - 

(i) that the four asymptotes of O are parallel respectively to 
the axes of the four parabolas, included in the family 
{Sx}; 

and (ii) that the four points of intersection cf n with the har¬ 
monic polar £ (of 0), viz., 

t s gx-hfy‘j~c<~0 

are precisely the points of intersection of the four paits of 
inflexional tangents, symbolised as 

(&> ni)> (£*• to)t (iit to) and ($ 4 , y 4 ) in Art. 2. 

Next the envelope of the asymptotes of {* S\) can, without much 
difficulty, be shewn to be a curve of the 14th class, touching the eight 
inflexional tangents (just mentioned) and having the line at infinity 
for a multiple tangent. ^ 

Furthermore the locus of the foci of {S\} can be identified as a 
curve of the 12th degree, confocal with the original cubic /*. 

Interested readers may, at their discretion, investigate other-loci 
and envelopes, intrinsically related to a family of conics of double 
osculation. 
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Section II 


(Invariants, covariants and contravariants of special triads of cognate conics 

of double osculation) 

i 

Art. 5. -Starting with a bicursal cubic f, let us, as before, take 
one of the nine points of inflexion as the origin 0 of Cartesian axes, 
and represent (after the manner of Art. 2) the associated family of 
conics of double osculation in the compact form: 

Sx r mS+to r x t +tof. | 

i.e.,(/t-f-3x r )* 8 \-2(h [.fc r t) xy +(b+\ r *)f+2gx-\-2fy-\ r-0,) ’ * 1 W 

it being postulated that x r is a variable parameter. 

Let us now select an arbitrary triad of conics of the system, viz., 

^xa) ' ... (II) 

by ascribing arbitrary values Aj, A*, X 8 to the parameter. 

In connection with (II), we shall introduce the three notations : 
i«0 A/ (iSxj, <S\j, *S\a>)» 

lb) J <s xx S» t S, a), 

and (c) <|> (S^, S^) 

to denote respectively the Af-in variant 1 , the Jacobian covariant 8 and 
the cubic contravariant 8 . 


1. The Af-mvariant of thiee ternary quadratics U, V, IV is the simplest 
rational function of the co-efficients, which, equated to zero, determines the condi¬ 
tion for the expression 

PiU+PiV+faW 

to be rendered a perfect square by an appropriate choice of the constants Px,p it Pt. 


2. As is well-known, the Jacobian -covariant is the locus of a point, whose 
pslars^v. r. t. the three conics are concurrent. 

3« i The cubic contravariant of three conics is the simplest function of the line- 
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Deferring for the present the discussion of ( b ) and (c) let us now 
concentrate our attention upon (a). 


Employing the standard method of Higher Algebia, wc can 
verify without much tiouble that the Af-invaiiant, attaching to (III, 
is identical (save as to a multiplicative constant) with the determinant 
A+cx? , A+cxf , A+<xP 

, B+3cx a , 

H-icxf, H-i< xf , H-^cxf 

provided, of course, that the t edundant fat lot 


is omitted. 


(A a ~A 1 ')(X9 X\) (Ai Aj) 


Accordingly we may in all fairness set 
M (iS\i “ jI-\ rA, 3 , A h exp, A } fA , 1 lc 

B f IrAj, B } kx 2 , B i hx, 

H— jfA/, H-icXf, ll—yx\ 

= 3*1 }"2iY(Ai+xa -fAj)-f-^fxjAj+AjAi+xiAa) 

Our next objective is to characterise gcometiicall) the triad of conics 
(II), qualified by the condition. 

S\ % , 0, \ jv 

i.e., 3A +2H (Ai+A a -fA s )4-.B (AjA,-f A,A, 4 -AxAj) +3c A 1 \ g A a -0 •» 

To that end it is necessary to attend to the following obvious facts:— 
(i) that the harmonic polar (£1 of the inflexion 0, viz., 

^SgX+fy+c 0 

represents the common polar line of 0 w r.t. all conics of the 
system {Sx r } —not excepting S* u S n , ,? x ,; 
and (ii) that the equation of the paii of tangents, drawn fiom 
0 to S\ r is 

(5+3rt r ) **—2 (H-lcxP) xy-\- (.A +rA r V =0. (V) 



coordinates (/, m, n), which must vanish in order that the line may cut the conics 
in pain of points in involution.. (Cf, Salmon’s Come Sectnns (1911), Arts, 388 (b) 
ntd 389 (a). 
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Suppose now (as shewn in the annexed figure) that the harmonic 
polar (£) intersects the three conics $xu «$\s»Sv» respectively at the three 
point-pairs: (P u Q,0, (P», <£•»)• . (VI) 



Then, because of (i), the three line-pairs viz , 

(OPi, Odx), (OP* 0£ a ) and (0P 8 , 0£ 8 ) . (VII) 

are respectively the three pairs of tangents, drawn fromO to £ X i, £xa»£\.,. 
Hence by (ii), the three line-pairs are represented by the Cartesian 
equation (V), viz., 

(P+3rV)^-2(//-|fA r »)^+(^+cA r 8 )y-0,. (VIII) 

provided that r is allowed to run through the values 1,2,3. 

Jt is now a pleasant job to verify that the assumed relation 
(iVj—which is the same as 

A+ctf , A+ckf , A+clf 1-0.(IX) 

J3+3cAj , 5+3fXj , P+3cAj 

ff-W, ff-fcX,* 

signifies geometrically that the three line-pairs (VII), defined analyti¬ 
cally bjr (VII)), belong to the same involution,—or, what is the same 
thing—that the three point-pairs (VI) make up an involution. 
If, theq, (£, M) be the two focal points of the point-involution (VI), 
the linds (OL, OM) must be the two focal lints of the line-involution 
(VII). 
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Furthermore the three point-pairs (P l5 (P 2 , Q,*) and (/*„, Q,,) 
being each harmonically conjugate with the two foci (L, M), it follows 
that the polars of the three points: 

Pt, P*> P», 

with respect to any one of the three conics S^, pass respectively 

through the three points: 

Q-u Q*ti Q,a> 

and vice versa. If we now pay heed to (i), we arc led to infer that the 
triangle OLM is self-conjugate with respect to each of the tluee conics 
S\ it S\g. Thus the i elation (IV) or (IX) affirms the existence of a 
triangle, self-conjugate to all the three conics. 

Further reference to Analytical Projective Geometry makes it 
clear that, subject to any of the equivalent relations (IV), (IX), 
the two focal lines (4, ij) —i e., (OL, OM) —of the line-involution 
formed by (VII) are representable in the Cartesian form: 

3x a -l“2 "f"A 4 ) xy~l-(AjX ! |”j-AaAt‘j'A 1 A|)_)’ a 0..(X) 

A more direct method of confirming this result is to verify (by Elemen¬ 
tary Analytical Geometry) that the expanded form of the relation 

M{S Ui S xt , S Xi ) -0, 

viz, 3^4-f-2W(A v b*a+Xj)+-B (*aV»+VAi+*i*s) |-3r AiA^—O 
is interprctable as the necessary and sufficient condition that 
each of the three line-pairs (VII) represented by (VIII) may be 
harmonically conjugate with the line-pair (X). 

The geometrical interpretation of (IV) being thus almost com¬ 
plete, we may summarise our conclusions as under :— 

The invariant relation : t 

* Af (S\ lt $xn 6’xa) **0 

represents the necessary and sufficient condition* for the three conics of double 
osculation viz., «?xi» Ska to possess a common self-conjugate triangle A. 

* We may remark incidentally that the possession of a common self-conjugate 
triangle fay three conics implies, in general, three distinct conditions, whereas the 
vjuishiog of their Af-in variant amounts to a single condition. So it stands to reason 
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Further the aforesaid condition being fulfilled, the sides (£, % t) of the triangle 
A are given by the Carte nan equations: 

£ = gx+fy-\-c =0 

and 3 £ties3**-|-2 (Aj. f-Xj+Xa) aj’+(A|Xs+A 3 Xi4'XxA*) 

Before we finish this article we shall utilise a familiar lemma of 
Analytical Geometry that the Jacobian of three conics, possessing a 
common self-conjugate triangle A , is a degenerate cubic, composed of 
three right lines, which are none other than the sides of A Applying 
this lemma in the above context we arc at once driven to the conclu¬ 
sion that, when the Af-invariant of S\ u S\ t , vanishes, the three conics 
must have a common self-conjugate triangle, whose sides (f, #,£), taken 
together, constitute the degenerate Jacobian curve J (Sxx* <Sxu *Sx») 

A direct proof of this result will be one among tahny items of 
business to be disposed of in the next article. 

Art . 6.—We shall now deal witlx the Jacobian curve J(Sxi, &\ t , A'xa), 
mentioned m ( b ) of Art. 5. By the traditional method of Differential 
Calculus, the Jacobian of three arbitrary conics (of double osculation) 


that the Af-invamnt vanishes for a triad oi conics endowed with a common sell- 
conjugate triangle, but that the converse is not true undet normal circumstances, in 
other words, three comes, having a zero Af-mvanant, may or may not have a common 
self-conjugate triangle In fact, the possession of a common self-conjugate triangle by 
a triad of conics, qualified by a zero M-invanant, must be regarded as accidental 
rather tb m natural. 

It is hardly necessary to point out that the triad of conics, consideied as 
above, belongs to a special category. As a matter of fact two out of the three con¬ 
ditions—ordinarily needed to ensure the existence of a *elf-polar x triangle- ha\e 
been automatically fulfilled by S\, t S\ t , S \ a , because of their being cognate conics oi 
double osculation of a cubic. The third condition, which has yet to b** fulfilled and 
whidx is practically the only condition that counts, is 

Af (Sxi, S\t> S\ g)"0 

* 

This explains why and how this single condition is not only necessary but 
also sufficient for the three conics to have a common srif-conjugate triangle. 
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via., S\i, S\t, iSx» is readily obtained in the form : 
(«+3Xj)#+(A+tX»*).7+g» (A+|X l , )x-l-(A+Xj , )j?+/, gx+fy+c -0, 
(*+3*,)#+(A+»V).H-*» (*+IV)*+(*+*•*).*+/» 4*+./>+*, 

(<*-f ?X*)* + (A-f|A s *)_y-fg, (A+|x a 9 )jr + (A4-A, 3 ) j> 4/» j*+/y+r 
which can be put in the form • 

(jx+fj+c)xC3x*.[ x x X x j ,+2*jm 1 Xt-l+jr* lx l i x, , n='> i 

- I X a X, 8 ‘1 X, X t 8 1 X, 1 X» 3 I * 

„ i Xj Xj s | ^1 Xj X 8 8 1 Xg* Xg s I , 

i. (gx+fj+c) | 3**+ 2 (Xi+x t 4-x,)^+(XgXg4-x»x +x x Xg)ji*J»Q, 

I4i| ifl 11 Of 

where the three lines i, v, £ have the same ugmnrance as in Art. 5. 
That the harmonic polar £ should form part of the Jacobian cubic is 
a foregone conclusion, considering that the line £ is the common 
polar of a certain point (viz , 0) w. r. t. the three conics S\ x , i ^Xa 
and that reciprocally the polars of any point on £ w.r.t S \ x , S\ t , S\, 
are c xncurrent, (the point of concurrence being 0). 

.Thus the verification of the result, promised in the concluding 
portion of the previous article, is now complete ; nay, we have proved 
something more. For, the above result has nothing to do with the 
evanescence or non-evanescence of the Af-invariant; in other words 
£xu £vs> £xg may be three perfectly arbitrary conics selected out of the 
system (£*,)• For the sake of clarity, we may finalise our result In the 
following manner : 

No matter the M-imariant viz-, 

hd (5x1, ** ^xs) 

is or knot zero, the order*cubic viz 

J(5xi,5xs,^xs)-0, 

associated with my throe cognate conks of double osculation viz-, 

Sxp $\i S \%, is permanently an improper cubic curve, composed of the three 

right lines C, I, y defined by 

a4M4 
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l&gx+fy+c-J 

and 3^»3* t +2(x l 4*x l +A 3 ) ^+(A 9 A 3 +A 9 A 1 -fAiA t y-' 0 . 

The special feature, attaching to the triad of comes (S\ t , S\ t , 5xs)> restricted by 
the condition 

M (S\ i, $x*j *Sxs) =0 

is that the thret constituent lines ((, ij, £) of the Jacobian make up a triangle , 
self-corrugate with respect to the three corner. 

As an illustration of the afore-mentioned proposition let us 
consider the triad of six-pointic conics, included in the system {S\}, 

Referring to (V) of case i (Art. 2), we note that, if 6Vj, Sxt, 5x» 
denote the three sextactic conics of the family {5x}» *i> A # , A a must 
be the three roots of the cubic: 

a«+A"+2JiJX+4 -0, 

so that 

d a// A 

Xl-f**S+*3“-“ ai td AjAfAs --— ■ 

Hence, by (III ) of Ait. 5, 

u’ (Sx,, Sx* S k ,)-3A 4-2 ff X (- *)-|*x M+Sc(~4.) -0. 

Also the joint equation of (5, ij)> -viz,, (X) of Art. 5—simplifies to 

3**+2(— 

1. e,, 3CX*—2 Bxy + 2/y =>0. 

Joining this special result to the other more general results 
proved heretofore, we can formulate our final conclusions in die 
following garb:— 

t 

| Tfo necessarf and sufficient condition for three cognate conks of doubt* 
oteumion ri?,, (i?xj» «S>») to clam a common sdf-corgugate triangle is 



Mole on Contes qf Double Osculation of a Cubic J3$ 

that their M-invariant should vanish, i. e., that the paramelres X 1} x* X 3 , should 
conform to the relation: 

3-4+2/((x 1 +x g +-x*) ~\~B (XfX 3 +X 3 Xi-f X|X g ^ +3fX|XjX 3 “»0. 

Subject to this condition, the sides of the common self-conjugate triangle are 
simply the three right lines (f, if, % ) which constitute the degenerate Jacobian r 
curve 

J (S\ i> ^a» 

so that the equations of the three lines are 

^s — gx+fy-\-c** 0 

and 3 £i|e 3**-f- 2 ( x 1 +x g +x 8 ) xy +(x g A 3 ,+x < jX|+X|A g )_)» a — 0 . 

A remarkably special triad of conics of the above description is that composed 
of the three sextactic conics, which belong to the system and whose parameters 
Xi> A|, X 8 are the three roots of the cubic in X, viz-, 

CX* +0\ 1 +2H\+A = Q. 

Furthermore the common self-conjugate triangle oj these three ( sextactic) 
conics is formed by the harmonic polai: 

Z = gx+Jj fc= 0 , 
and the line-pair {l, 7 ) given by 

3c£tf 3 3cx 3 —2Bxy +2Hy 

Art. 7.—Wc shall now orfer general criticism on an arbitrary triad of 
conics of double osculation. 

General reasoning shews that four conditions have to be satisfied 
in order that a conic may have double osculation with a cubic. So in 
order that three given conics U, V, IV may each have double osculation 
with an undefined cubic (say, 2), 3 x4 or 12 conditions —involving the 
known constants of U, V, W and the nine unknown or disposable constants 
occurring in the analytic structure of 2 —must be fulfilled. So one 
can readily surmise that, in order that three given conics U. V. W may be 
cognate conics of double osculation of a certain cubic (12 ~9,i t ,3} three condi¬ 
tions must be satisfied by the conics. This is quite in consonance with the 
result of the previous article, considering that the reduction of the 
(cubic) Jacobian to a triad of right lines is tantamount to three condi* , 
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tionij and that A necessary condition for U S V W to bo cognate conic* of 
double osculation isthat their Jacobian should break up into three fight 
lines But in at much as counting of constants or of conditions ft not always 
A safe process, WO have no reason to affirm any thing positively regarding 
the cotinrse case which accordingly calls for a special scrutiny Inquisitive 
students may propose to examine how far (if at all) the converse 
propos tion is valid 

Art 8 —We shall now conclude this section with a brief ref 
crence to the cubic contravanant 

4>(Sm J*) 

— tlfttttloned at the b ginmhg of Art 5 —whose vanishing expresses the 
criterion t at the right lme given by the tin* mrdvmts (t « r) 
-ini therefore by the Cartesian equation ^ 

Ix+my- f-R»0 

—may intersect the three conics of double osculation viz , &\ t > •$** 

in plus of points in involution 


By the prescribed method of Analyucal Geometry the condition 
in question is easily obtained in the form 


P -f-3^ n 1 
P+i\ t n* 
P+$kk n* 


d-fXi-R* 

d+tfn* 


R+ikr 1 ** 

P+lkfn* 

*+«X, J R* 


-0 


(I) 


where 


Pmcl*~- 2 gin {-an* ^ 

Rachn —*(//-{-$»*) r^n* * 


(II) 


By easy manipulations and reductions, (I) can be developed 
into the form 

f $#(Ax+X,'i*X a )+i > (XaX*+XjfXi+X|X*)4'3R*XiX i \ s 


iWimfoedi&te inference is that the class cubic, which normally envo 
topdi the set Of so 1 right Unei, cutting an arbitrarily assigned triad of 
tdhip m pairs of points m involution, has, iti the case of the special 
triad i, 5xn), broken up into a curve of class &rt viz, thfe nti* 
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gin («"» 0 ), and a cla<?s-conicS, determined by the tangential equation: 

(cl* 2gtn-\-ar?) 

—2 (Xx+Xj+X*) (clm — fnl-—gmn-\-hn t )+$ (cm*—2jmn+bt?) -0. (Ill) 
An important corollary is that every right line, drawn through the curve 
of class zero (viz., the inflexion 0 ) cuts the series of conics { S\ r I in 
pail* of points in involution,—a result, admitting of independent 
verification. 

For the triad of conics (S\ t , «S\j, S \ 8 ), qualified by the condition: 

M (*Sm, ^xa, •Sxai'^O, .(IV) 

the class-conic 2 can be easily shewn to reduce to a pair of points, so 
that the class-cubic, defined by the cubic contravariant, is compounded 
of three points (i.e., three curves of class zero). A moment’s reflection 
leads to the conclusion that the triangle, formed by these points, is 
none other than the common self-conjugate triangle, proved to exist for 
the triad of conics under the condition (IV) (See Art. 5). 

Section Ill 

(Canonical forms of triads of conics S\ x , A'xa> having a zero 

M-invariant) 

Art. 9.—Suppose as before that Sxi, Sx* and <Sx 3 , are three cognate 
conics of double osculation, having a zero Af-invariant and therefore 
conforming to the relations: 

■S'xai , S'xa) a 3d-{-2./if(Xi“Hx-l“X3)-|-./J(X|Xj | x^Xi bX j.Xj)- b3c XjXjXj 

=0. ... (I) 

Then, as shewn in Art. 6 , the three conics must have a common self¬ 
conjugate triangle, whose sides £, tj, ( are given by 

(mgx-hfi+c**0 ... ’..(1) 

and 3^|»3x*+2(x 4 +X|-fX3) V 4* (x*x* -b x„Xj -b XjXj) y* - 0 . .(2) 

Manifestly, then, if the individual equations of the lines $, y ^passing 
through 0 ) be written as 

(as-pj>=«0 and y*sx—*y-= 0 , .(3) 

then taunt be the two roots of the quadratic in t, \ iz. 

- 4"2(Xj4 , Xg-bXj) t f (XjX^-bXjXi-f-XtXg) *>0, ... (4) 
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|i-f-v-1 (X x 4-A*+A # ), 1 fij\ 

and } (a§a 3 +AjAi+AjAj).* 

Recollecting the familiar proportion on a triad of conics, endowed 
with a common self-conjugate triangle, we infer at once that there 
must exist nine numerical constants viz., 

!i> ^S* »**> »t, ^ 8 » ^ 8 > ^ 8 > 

compatible with the three identities (in x,y), viz. 


StimW+mJ+nJ?, 

. (6) 

S xa s 1 j£ a +«t£*, 

... ... (7) 

S I* a / a £ a +w a ij a +/» 3 C a . 

. (8) 


Replacing S\ lt S\ a, S \ s by their equivalent values (in terms of*,j>)» viz., 
three expressions of the type 

5x r a(fl+3A;)x a 4-2(A+}A r a )x^+(6+A r »)y-f2«x+^-Hc,(r=l,2,3), (9) 
and substituting for f, 9 , £ the functional values (in terms ofx,j>) as pro¬ 
vided for by (1) and (3), we can readily convert ( 6 ), (7), ( 8 ) res¬ 
pectively into three identities of the type: 

( fl +3A r )x*+2(A+|A r a )x^+(A+A r »)/+2^4-2^+r 
m W (*~t*.?) a +»*r(*-«'.>O a +«r (r-1, 2, 3). ... (10) 

a 

Equating co-efficients of like terms in x,j>, wc derive relations of the 
type: 

j 

ftf ~ t •• ••• ••• ( 1 ) 

€ • 

/|* Vtfly - 7 * 9 j(ll) 

c 

— 'g Ar J , ••• ••• (iii) 

and -j- x r ®, ... ... ... (iv) 

C 

\ - 

(r losing as usual allowed to run through the values 1, 2,3). Obvious¬ 
ly, the %)uation (i) gives n r directly, and any two of the other three 
equations viz-, (ii), (iii), (iv) can be solved linearly for /„ 
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Needless to say, the mutual consistency of (ii), (iii), (iv) follows 
from the fact that the determinant: 

l , H s I 1 * 

1 > * » ** 

3i,+f-, f-IV, yfV 

vanishes by virtue of (I) and (5). This is as it should be, for the 
coexistence of the canonical forms ( 6 ), (7), ( 8 ) for S\ lt is a 

direct consequence of their having a common self-conjugate triangle 
(viz., i, 9 , £). 

Now reverting to our former topic, and solving (ii), (iii) for 
l rf m r we derive 

lS*r+f> 

l wm 1 1 

r “ V’~ ¥ * (r-1,2, 3).(V) 

and 

Joining the main results of this article to the proved results of 
the previous articles, we can summarise our conclusions in the under¬ 
mentioned form: 

The invariant relation 

bf (^iii iSxgi S\ 3 )*0 .. (1) 

represents the necessary and sufficient condition that the three cognate conics of 
double osculation S\ u S\ t , Sxo may admit of the simultaneous canonical 
forms : 

S\i^li } 

Sxt^lt S'+Wa £*» r 

Sw-/s* a +»M9 8 +»st a . > 

whirs (J, 9 , 5 ) ore three determinate right lines and {/ r }, {«,) and {«*} are 
determinate constants . Looked at from a geometrical standpoint^ the three lines 
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£, 9 , ^/orm the comrno i self-conjugate triangle that the three conics must 
possess under the condition (I), whereas the improper cubic curve made tip of 
the thiee lines is none other than their Jacobian, The actual Cartesian equa¬ 
tions to the three lines are 

£sx— riax—vj^Q $agx+Jy+c —0 

where p, v are the two roots of the quadratic in t, viz. 

3/ J +2 (Ai-J-Aj-} AsV-f-fAgAs-l-AaAi+AjAjj —0. 


Furthermore the coefficients 

R}> {m r } and 


are given by l r 






P“* 



(lK \ >-(?-»*•') ' 

m -- 

r p —V ’ 

and w T =j . j 

N B. —It is hardly necessary to add that the third coefficient of 

the type {» r } is indepe idem of r, being, as it is, equal to * So n x —n t =» 

c 

still for the sake of symmetry the notations «„ »„ « a have been 
retai ed 


Art. 10.—As an illustration of the general proposition of the 
preceding article, let us consider the triad of cognate sextaclic conics 
h\i, who.e parameters are known to conform to the relations: 

A i }*Aj f A3 ^ > 

2 H* 

\sPi fAjAt+AiAj r 

C 

A 

and a 1 a 4 a 3 = —. 

C •* 

Now by (4) and (5j of Art. 9 we see that p, r are the roois of the 
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quadratic in /, viz. 


3<7 a —2/^+2/f = 0 , 


so that 


p+r - j j— and 


2 H 

^ ^ He • 


• • • • • • 


• M »l 


and 


Hence (V) of Art. 9 gives 

'• ' 2(^15( i '* +2v+ 3? ,- sr) 
V+2^+|f. f- 2 ") 

-giM 


Now by (2) 


, 2 B 

,2H 

v ~3r‘ 

'+3? 

i 2 B 

,2 H 

•‘-sr- 

^ + 3^ 


( 1 ) 

( 2 ) 


(3) 


(4) 


and 


Thetc relations follow also from the consideration that p, » are 
the roots of (I). 


Hence (3) and (4) simplify to 

/ 3(x r -f>V J 

h ~ 2(r-p) * 


and 


_3U E±fi )* 


We may then sum up our n suits aaunder : — 

The three cognate sextactic conics S\i, Sy* belonging to the system 
{& r } can be simultaneously represented in the three canonical forms: 
48 - 4-6 
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no 


, where the co istants 

{!,), \m,l, {»,) 


(f-1,2,3) 


are determined by 


and 


/ 3 K 1 

r V-|ij ’ 

_3(X r I - ! 1 )* , j j 3) 

1 

»»=* . » 


and the three right lines £, if, £ are defined by 

i3.v— py^O, ifSx—vy-0 an 1 (-j'+f =0, 

it being understood that n,* are the two roots of the quadratic in t, viz. 

3ct*-2Bt+2H=Q. 


Section IV 

1. Digression on a trind of conics with a common self-conjugate triangle 

2. Applicatio i to a triad of cognate comes S\ v S\ 2 , A’**, of zero 

M-invariant 

Art. 11 -We know from the Theory of Higher Plane Curves that, in 
general , a uniquely determinate cubic can be found so as to have three 
arbitrarily assigned conics U, V, W for polar conics. Let us now 
proceed to examine how far this theorem is valid when the three 
conics happen to possess a common self-conjugate triangle (say, A). 
Then on taking A as the fundamental triangle of reference, we may 
express the homogeneous equations of the three conics in the respective 
forms: 

t/sa^+*iit a +<iC J ”0, . (1) 

••• ••• ••• ( 2 ) 

and 0. ... ... ... (3) 

Let 2 represent the cubic, having for its homogeneous equation: 

K 8 -W+«$ 3 =0, . (4) 

where the parametric constants / :m:n may be arbitrarily chosen. 
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There is no difficulty in shewing that, for any particular set of 
values for l:m:n, the Hessian of 2 is a degenerate cubic cuive composed 
of three right lines (viz., the three sides of A), and that the pencil 
of (four) tangents, drawn to 2 from an arbitrary point on its peiipheiy, 
is equi-anharmonic. In point of fact, 2 belongs to a wider class of tubjc 
curves called * equi-anharmonic ’ by Hilton.* 


If now P, (£,, R denote respectively the three points, whose homo¬ 
geneous (i.e., proj“Ctive) coordinates are 


( 0\ b, £i\ 

V m* nj, 



^2 

m 




h 

m 


’ Tth 


it is easy to see that the p dai conits of P, 0, R w. t. t. the cubic 2 
are respectively identical with the tlnee original conits U, V, U r 
defined by (1), (2;, (3). 


If, for a given triad of conics U, V, W, we go on varying the 
ratios l:m:n f the cubic 2 and the triad of points P, Q, R will also vary, 
but, then, the geometrical property, established as above, will continue 
to hold good. 

Thus, whereas three assigned conics U, V, W arc, in general, polar 
conics of three determinate points P, (f, R w. r. t. a determinate cubic 
curve 2, the numbers of such cubics and also of the correlated triad 
of points (P, (l, R) will become twofold infinity in the particular case, 
when U , V, W have a common self-conjugate triangle. fTo be precise, 
three conics having a common self-conjugate triangle AB(, can be designated at 
polar conics, belonging to any one of a family of ao* equi-anharmonic cubut, 
which have, for their common Hessian, the degenerate cubic made up of the three 
lines {BC, CA, AB). 


•See Hilton's " Plane Algebraic Curves ” J920), P 238, Ex. 6. 
f Regard being had to the fact that the Af-in variant vanishes for the tiiad of 
conics (LT, V, W), possessing a common self-conjugate triangle, it is crystal-clear 
that Dr. Salmon’s remark ["Conic Sections" (1911), Art. 389 (c) ] viz., u If the 
invariant Af vanishes, an exception occurs and the conus cannot alt be derived from the same 
cubic,** does not seem to fit in with established facts. 
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Art. 12.—We can now leadily apply the results of the foregoing 
article to a triad of conics of double osculation (S \ lt S\%, S\ t ), belong¬ 
ing to a given cubic and possessing a zero M-invaiiant. 

As shewn in Sec. Ill, the triad of conics will then have a com¬ 
mon self-conjugate triangle (say, A) and their homogeneous equations, 
referred to A, will assume the respective forms: 

Sx^^+mrf+n&^O, , 

. (I) 

and 

the coefficients 

(/j, Mu U j, /j, W2, Wj, //j) 

being defined by (V) of Art. 9. 

Let 2 denote the cubic 

pP+qyf+rp^Q. . (II) 

where the coefficients p’.q'.r are arbitrary. 

Jtisatane affair to verify that the three conics ,?xi ,S\ t ,S\ 9 
given by (I), are respecthely the polar conics of the three points, 
whose homogeneous or projecthc coordinates are 


(k "1 \ 

/ l t « a \ 

and ( . 

m » »3 \ 

' p' q ' r ), 

\P ' q ' r) 

V p * 

q ' r l 


with respect to the cubic 2 . 

It is needless to point out that, when the parameters p,q, r, are 
allowed to vaiy, the equation (II) will define a family of oo a equi- 
^nharmonic cubics, any one of which will have the given conics 
(S\ lt 5 x 1 , ^\a) fot a triad of polar conics. 

Of course the above result holds good even when Ski, 5x # , 
are a triad of cognate sextactic conics. 
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In the present paper the author proposes to determine the 
deflexion of the central plane of a thin elliptic plate made of isotropic 
elastic material, clamped at the edge under the action of a load of 
weight W distributed uniformly over a half of the plate bounded by 
cither of the principal axes 

Let the bounding ellipse of the central plane ot theplate be given 

by » i a 

*,+£-!• («>*> 0 ) 

If we introduce elliptic co-ordinates by the transformation 
x-j-y>=ccosh(£+n?)- (c>0) 

We have 

x —£ cosh £ cosij 
j>=csinh£ sini? 

Then f = const, and rj const, give a family of confocal ellipses 
and hyperbolas cutting each other at right angles. In particular f «= a 
would represent the boundary, provided 

a~ecosha and 6~csinha. 

*Thu forms a part of a thesis approved for the award of the Ph. D. degree 
of the University of Dacca. A few verbal and explanatory changes have been made 
here and there 




144 


H. M. Senoupta 


We shall consider two cases. 

Case I. 

We shall first assume that the semi-ellipse 

0 <£<a 

It It 

2 " 2 ” 

is subjected uniformly to the load of wtight W while the other hall is 
free from pressure. # 

The pressure at any point oi the semi-ellipse <a; 
it . ir . , . , . 2W 

—y< ^ < Y 18 hen glVCn by ^vab' 

If we take the plate to be of thickness 2 A' the deflexion u should 
satisfy the differential equation 

DV*w —p 

TT 7T 2 Eh’* 

in the semi-ellipse 0 <f<a and —^-< 17 <y (where Z) = j—p» A 

and <r being the Young’s Modulus and Poisson’s ratio respectively of the 
isotropic elastic material of which the plate is made.) 
and P/to—O in the semi-ellipse. 

0 <£<a 
JT ^ 3jt 
2<V<Y‘ 

Also it must satisfy the boundary conditions. 

3(0 > 

3=1 ® over £~ a ' 

Further the stresses must be continuous throughont the plate 
including the boundary. 

Here we take the positive direction of the £-axis in the direction 
towards which the weight acts. 

Case II. Next we suppose that the semi-ellipse 

0 < $ <0 

0 < 17 <tr 


is subjected to the load. 
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If we denote the corresponding deflexion by w we must have 

D Vfw =p 


in the semi-ellipse 

0 < £ <a 
0 < i) <ir 

and Vjfw=-= 0 

in the semi ellipse 0<£<a, n<Tj<2it 

The stresses arising out of u must be continuous throughout the plate 

including the boundary 

Also To must satisfy the conditions 


dw 



0 over £—a 


The problems in hand will be solved by combining the solutions 
of two known problems Of these one is simple and its solution is 
well known The other is obtained by a slight modification of the 
solution of the problem of the bending of a thin semi elliptic plate 
under uniform pressure where the elliptic boundary is clamped and the 
straight boundary (which may cither be the minor axis or the major 
axis) is freely supported This 1 itter problem was solved by Prof 
Galerkin* 


The deflexion of the central plane of a thin elliptic plate with 
clamped edge under the action of a uniform pressure ip at a point is 
gnen by 



On the other hand Prof Galerkin shows that the deflexion of the 
central plane of a semi elliptic plate given by 0< £ ^ ^, —tr/2 < ij <ir/2 
whose elliptic boundary is clamped, and the straight boundary is freely 


•Prof B G G lerkxa,—Meaienger of Mathematics Vol LII (1923) pp 99» 

••Elasticity by Love page 484 (Fourth edition) 

The result m due of Prof G H. Bryan 



146 


H. M. Senoupta 


supported under uniform pressure is given by 

u> g =»£(3-4-4cosh2f+cosh4^) (3+4cos2ij fcos4ij) 

4 - {ki cosh f -M x cosh 3f) cos 17 

+ 214^ cosh ( 2 n—3)f+A ln-1 cosh ( 2 w— 1 )£ 
n*a l 

-Man-ic° s b ( 2 ij+l)fjcos ( 2 n—l)ij . . . ( 2 )t 

where L - ^721) 

We can easily verify that the series for w % formally satisfies the differ¬ 
ential equation 

DVSw 2 =ip 

, 7T IT 

at every point of the semi-ellipse 0 £ < a, — h <V< excepting at 

the focus £= 0 , i)— 0 . 

The conditions for supported edge along the minor axis (x =0 or rj — 
±jt/ 2 ) are 

w a =0 and f ?=»0 

where G is the expression for flexural couple arising out of w> 2 . 

It is easy to show that the above conditions reduce to 
w t =0 and =0 

over 7 j =» ir/2 and rj — —it/2. And both these are formally satisfied by the 
series for iv 9 over the minor axis. 

The conditions for supported edge along the major axis may be 
shown to be 

. « 

w— 0 and 0 over rj- 0 , and rj—it 
and a >“0 and *-0 over { = 0 (0<rj<n) 

fProf. Galerkin uses a slightly different but essentially the same form for the 
bihaimomc part of t ie above express.on. 

Vidt —B. G. Galerkin—Messenger of Mathematics—Vol. 52 (1923) p. 106. 
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Also remembering that* 


/(’?)“ 

where 


Ml - (~ )" + 1 COs(2»— 1)7} 

it ni(2n—5)(2M-3)(2«-l)(2«+l)(2n+3) 


/(*?) — 3 + ^cos 2 tj+cos4tj for — tt/2 0/2 

and /fa) = —(3-J-4 cos 217+cos 4 t/) for jt/ 2 ^ i/'C3jr/2. 

The conditions - d ^*=0 over f=a are satisfied by the follow¬ 
ing values of A* ? and -d’t 

M.toh4.+2smh2.) - A1Si, Vr.7.V.5 h2 “ ) (3) 

4 1 (iinh4a+2sinh2a) -^ si , n ^ 2 “ (4) 

i . i . a. 0 

A’ # „_ 1 (sinh4»a+2nsinh 2a) 

~ ^4an-3{2sinh (4 n —2)a-| (2w— 1) sinh4a) 

__ (-y** X JT{(2« —3)sinh(2nd 2)af (2«4 5>inh2»a) 

(2tt-5)(2n-3)(2«-l)(2n+l)(2«+3) {i)) 

4«a-f2nsinh 2a) 

=“ -dsn-sNnh (4n —4)a | (2n—2) sinh 2a) 

, (_-) B+l A*{2a-5)sinh2na+(2»+3) sinli (2n-2M ,,, 
(2n—5)(2«—3)(2a—l)(2n-fl)(2n+3) ‘ ' 

where A' 3072Zrosh 8 a pc^coJPa 
it ~ %D 

Prof. Galerkin merely states that the equations obt lined from the 
boundary conditions can be solved. 


We may now assert that the function u’ 3 defined by 
w * "= £(3+4 cosh 2£-fcosh 4£) (3 -j- 41 os 2y -fcos 4ij) 

-f-^icosh^+^co h3ij)cosi? 

^sn^ c ° s M2»-3)£+*an-iC°sh(2n-l)£+,* 8nJ cosh(2*+l)£ J 

Xcos(2»—l)ij (7) 

• Prof. B. G. Galerkin—The Messenger of Mathematics Vol LII (1923) p. 107. 
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. > 7T . ^Tt 

in the region 2 

and « 8 = — 7(3 f 4cosh2£+cosh4£)(3+4cos2i7+cos4ij) 

-f (Arjeosh f+j 4 1 cosh 3 £)cos rj 

+^J^ an 1 cosh(2n— 3 )^+* 2n 1 cosh ( 2 n— 1)£-Ms„ i cosh(2«+l)fJ 

Xcos( 2 n—l)ij (8) 

in the region a,^ ^^2 

w th the same values for L and A’jand A*s formally satisfies the 
equations 

DVfu,-ip ><*> 2 , 

excepting at the focus £—0, r\ 0 

andDF/aa — |/>in0 £ 

excepting at the fo us £ 0, r) n 

01 

Also the boundary conditions u 8 ^ 0 

are formally satisfied over the elliptic bo mdary £ a 

We now consider the function 

k> = Mi+k 8 t9 

The function w formally satishes the differential equation 
D V* w =p t at everv point of the region 
0 £ < o — 7r / 2<ij<ir/2 

excepting at the focus £ -0, 77 =0 

It formally satisfies the equation 

Fj* ui =0 at every point of the region 
0 < £< a , ir/2 < if < $n /2 
excepting at the focus ir 
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Also it formally satisfies the conditions 

n * 

a/=— =0 over t—a 

^9 

v being the direction of the inward drawn normal to the edge line f-=a 
w is therefore expected to represent the deflexion of the central 
place of a thin elliptic plate clamped along the edge g=*a cartying a 
load of weight w spread uniformly over the semi-ellipse 

0 £<a; — 7r/2<i]<7r/2. 


We have now to consider convergence of the series giving the 
deflexion of the elliptic plate, 
stands for 



which is necessarily finite and continuous throughout the elliptic plate. 
It possesses finite and continuous partial deiivalives of all ordcis with 
respect to x and y and also mixed derivatives. In fact derivatives 

of order higher than 4 are all zero and Df w t = ^. Again 


Z.( 3+4 cosh 2 £-l-cosh 4 £) x( 3 + 4 cos 2 ij-f-cos 4 17) 


64 Lx* 


( 10 ) 


Denoting this part by / and the series 
(ifcj cosh $+Ai cosh 3 f) cos r] 


00 


2 n _s cosh ( 2 «- 3 )f-|-Aa fl . 1 cosh ( 2 «— 1 ) f 


R«S 


+^s«-i cosh (2«+l)£}cos (2»—1)17 


by F. 


The deflexion may be written as 

w-Wi+f+F 


(11) 
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in region I i.e., the part of the plate for which 0 and 

w-Wt—f+F 

in region II in the part of the plate for which x <!0. 

Now the function 

$ =f for x > 0 
and $ ■= —f for x < 0 

is evidently continuous at x = 0. 

Partial derivatives of ^ with respect to y aie 
derivatives upto the third order of ^ with respect to 
throughout. While the partial derivative of ^ of the fourth order with 
respect is x has a discontinuty at x = 0 . In fact 

24X64 L {ovx >Q 
dx* c* 


all zero. Partial 
x are continuous 


and 


so 


and 


W _ 24 x 64 Z , 0 

dx* c* 

DV\ty~ for x >0 


DVfty— ~ip for r<0. 

It follows also that contributions to stress lesultants and stress 
couples due to this part of the deflexion function are finite and corti- 
nuous throughout the elliptic plate. Moreover they vanish over the 
minor axis. 

Putting /»n-i = sinh 4 na-f 2 «sinh 2 a we have from the recurrence 
formulae obtained in the previous section 

. sinh 2a 


AJ^-K 


1 . 1 . 3.5 


a r | r ir r sinh 4 a sinh 2 a 1 

A * fa ' Alfl A L 1.3.5.7 1.1.3.5] 

a * a r i v r sinh 6a , sinh 4 a 1 

A.J,-A,f,+K [ 3 5 7 - 9 + 1 3 5T y j 

A f _ a c ir T sink 8a , sinh 6a ] 

[5-7779711 +-3.57779] 


tn—1 


) ^[(2»— 3 )( 2 »—1) (2n+T) (2«+3) 

, sinh2(n—l)a 

+(2»— 5 )( 2 n— 3 ) (2n—l)(2»-f 1) 
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Adding 

, r (-—V*+ l JT c inh2ra 

- (2«—3j(^i-l)(2n-t-l)^«+3) 

giving a neat formula for the value of 

, (-)*+» A\inh 2 wa 

VtZt ^*n-i“( 2 /I _3 ) ( 2 n _i) ( 2 n+ i)(2« + 3)/ aB . 1 - 
Now, since a>0, 

“sinh 4na-f> 2nsinh 2a > sinh 4na>0. 

So, we can show that 

M«»-il<( 2 n _3)( 2 /i— 1 )( 2 »+l)( 2 a+ 3 ) e M * 

for n> 2 . 


(13) 


(14) 


Also since 

*sn-i/«fl-i- J «tt -3 {2sinh(4«-2)a4-(2n—1) sinh 4a} 

K{ —l”" 1 {(2n— 3) sinh (2n+2)a+ (2«+5) sinh 2na} 

(2 n -5) (2n -3) (2w -1) (2*+1) (2«+3) * 

We can without difficulty show that 

5)(2»—3)(2«— l)(2n+l) d* m ^ 

for sufficiently large n, where G is a positive constant independent of n. 
Now, take the series 

fV -2 cosh( 2 «— 1 )£ cos ( 2 «—l)iy 

«*1 

we have 

| ^sw r -iCOsh( 2 «—l)f cos( 2 »— l)iy | 

< ]*w-il cosh ( 2 n— 1 )|^| 

_ G e~ a , 

^ (2«-5) ( 2 n—3) ( 2 »— i )( 2 «+ 1 ) 

for sufficiently large ft* 
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The series therefore converges absolutely and uniformly for all ij 
and all £ sachthat — 


It the efore con\e 0 eJ bsdutely and uniformly in both the vari¬ 
able! £ and i\, t iioa^ho it the elliptic plate including the boundary 
(=*a. F x , the sum of the series is therefore continuous throughout 


the plate including the boundary. 


Also it is easy to see that 



obtained by term-by-term differentiation of the series for F lt for the 
differentiated series is likewise absolutely and uniformly convergent 


throughout the elliptic plate inlcuding the boundary. 


*F X . 

-rV'is moreover 


continuous throughout the plate including the boundary. 


Take 




— i dtn-a cos h ( 2 »—3)£cos ( 2 «—l)ij. 


Now, | ^tn-»cosh (2n—3)£cos (2n—l)ij j 

< I I cosh ( 2 «—3)f 

A*cosh(2/i— 3)£ 

^ ( 2 n—5)(2»—3J ( 2 n —1 j(^«-f-l)# ,tfla 

Kd in ~m\ 

^ ( 2 »—5)(2«—3)^2»—l)^ 2 «+i )e ma 

_ Ast in " l K | ^ l" g )_ f or sufficiently 

* (2«—3) (2n—1) (2«+1) large «. 



cosh( 2 n—3)f C03 ( 2 «—l)»j is 


therefore absolutely and 


uniformly convergent for all 17 and all £ such that l£«a. The sum 
F t therefore is continuous throughout tire plate including the bound- 
3 F 

ary. Also ** obtained by-term-by term differentiation, for the 

differentiated series is absolutely and uniformly convergent throughout 
die plate including the boundary. 
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The same remark applies to the series 

F a =2 i4 lrt _ 1 rosh(2«—l)fcos (2n 1)^ 

n»i 

The value of F=F l +F a -\-F a and also for £=a is therefore 

obt lined by putting £= a in the series for F and the series for 
3 F 

^- respectively. This justifies the method by which the values 

of the constants k* s and A's were obtained. It is plain that deri¬ 
vatives of F of all orders in £ and rj cm be had by formal term-by-term 
differentiation of the series for F at all points in the interior of the 
e’lipse £ —a Partial derivatives with respect to £ and 17 upto the 
second order can be had by formal term-by-term differentiation at all 
points of the elliptic plate including the boundary. 

Following the plan adopted in a previous note, we can easily 
show that 


k Mm ., cosh( 2 «— 1 ) (cos (2n—l)if 
is equal to the real part of the scries 

2 k tn ^ l P tnml (z) 

where /***,* ( z ) is some polynomial of degree ( 2 «— 1 ). 

The series 2 cosh( 2 n—l)£cos ( 2 n— l)ij is uniformly convergent 

rt-l 

in any closed region contained within the ellip e £*a, tie region of 
uniform convergence extending upto the boundary of the ellipse* 

The same is true of the series 

2*an»»sinh(2tt— l)£sin (2»—1)^. 

*■1 
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So the series 

ftal 

represents an analytic function throughout the interior of the ellipse. 

• m 

The derivatives of the function i epresentcd by 5 * P m -.(z) can be 

n-x 

had by term-by-term differentiation throughout the interior of the 
ellipse. Its real part, viz., F 1 is plane harmonic throughout the interior 
of the ellipse, i.e., it satisfies the equation 

V x * F X =*Q throughout 0 ^£<o. 

All partial derivatives of F x with respect to x and y and also mixed 
derivatives exist and are continuous throughout the interior of the 
plate, thus giving continuous contribution to stress resultants and 
couples in that region. 

The series 

^•+-F»“2.d >w _,cosh(2n— 3 )£cos ( 2 «—l)ij 

iff* 

+Js cosh (2»+1 )£ cos (2n— 1 

which may be written as 

2 ^*a-i{cosh(2a+l)f cos (2«— l)ij 

fl"l 

+cosh (2n— l)£cos (2n*H)?} 
throughout the elliptic plate including the boundary, is the real 
part of the function defined by the series, 

ftPl 

where P tB (*) is some polynomial of degree 2 « in t. 

We easily prove that the scriesJSifj^ P*(t) defines an analytic 
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function throughout the interior of the elliptic plate. Partial Deriva¬ 
tives of the function defined by the series are continuous throughout 
the interior of the plate and in this region F a -\-F a satisfies the equation 

Vf(F,+F„) = 0 . 

Contribution to stress resultants and stiess couples arising out 
of the part (F 9 +F 9 ) are therefore finite and continuous tl roughoi t 
the interior of the pi ite. We have now only to check if these are 
finite and continuous upto the boundary of the plate 

Now we proved elsewhere tl at for sufficiently krge n 

I A I-_£_ 

I ft sn-i I ^ (2w—5) (2n—3) (2n—11(2a+1)t awa 

K 

and * Atn ~ x I < (2a - 3) (2« -1) (2a +1 ) (2n + 

where K , G are positive constants independent of a. 

Consider the series 


2 (2a—l)*cosh(2a—l)£cos (2a— l)ij 

n-i 

i.e., the series that is obtained by differentiating the series for 
Fj=»2 **n-iCOsh (2«—l)fcos (2n —l)ij 
term by term twice with respect to £. 


The general term of the derived series is 

(2a—l) # ^ 8 «^cosh (2a—l)£cos (2n—l)ij 

on the other hand 


(2a—1)* | k„ i^cosh (2n—1) f cos (2a—1)^ | 

<(2a-l) , |^sn-i|cosh(2n-l)f 


(2a-n*(??osh(2a-nf 
(2a -5) (2a -3) (2a-1) (2a+1 )e*** 
He (»«-») !£l 
(2a-5)(2a-3)^« 


G r* 

(2a—5)(2a—5J 
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The range of uniform convergence of the series therefore extends 
upto the boundary £ =a So the term-by-term differentiation of the 
series is possible for all £ which lie in the range 0<£<a and also the 
left hand differentiation with respect to £ is possible for £=a Further 
the sum of the derived series represents the corresponding differential 
co-efficient of the sum of the original series and is a function that is 
continuous upto the boundary £ = a. The same statement is true for 
all partial derivatives upto the second order with respect to £ and 17. 

Thus stress resultants and couples depending on derivatives upto 
the second order are finite and continuous throughout the plate includ¬ 
ing the boundary. 

Now the normal shearing stress across an arc s, is defined b / 

N-=—D ~V^w 

where v is the direction of the normal to the curve. 

The contribution to N by F l is zero. 

On the other hand 

1+^3) 32 /c a [A x cosh £ cos 17 + 2 A 0 (cosh £ cos 17-f cosh 3 £cos 3 17) 

+ . 

A ltt . x {cosh £ cosi7+cosh 3£cos3i7+... 

+ C 03 h (2«— 1) £ cos (2»— 1 )ij} 

+ . •] 

The above result is valid throughout the plate including the 
boundary excepting the foci. 

Now across any curve 

£=a', where 0<a'<a 

•/* PVW 

(F,+F,). 
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By formal term by term differention we have 

3 / 3 * V\ {F t +F 3 ) 

=» 32/„ a [^ l sinh fcosij+2^ a ( s i n h f cos ij 4-3 sinh 3£ cos3rj] 

4-3-d 5 (sinh £cosij + 3sinh 3 £cos 3 i 7 4-5s.nh5£cos5 ij) 

4-. 

4-^8«-i (sinh ^ cos 77 -J- 3 siirh. 3£cos 3 17 

4 ... + ( 2 n — 1 ) sinh( 2 n—l)f cos( 2 »—l)ij} 

+.1- 

In what follows we restrict our attention to values of £^0. 

For throughout the plate £ can never assume negative values 
n {sinh £ cos 77 -j-3 sinh 3£cos 3rj 4 -... 

+ ( 2 n— 1 ) sinh ( 2 /i— 1 ) £cos( 2 n— 1 } 77 }j 
< w|3 an- 1 |{sinh£ (-3sinh3f4-5sinh 5f 

4 -.-. 4 -( 2 «-l) sinh ( 2 n-l)fl 

^ (ef+3rt-h5e'(+...-t(2n-l)ei**- 1 >(). 

On the other hand we can show that in the range 0 <jS<[£^a 

0 < ^43^4-5« 0 €4-... + (2n—1) <<•»-»*> 

4J2n+l}j^ : „ here 

A* 

V = (« aa -l). 


In the above ring-shaped region, we have theiefore 
n/A „{sinh £ cos tj 4-3 sinh 3£ cos 3ij 4-... 

+ ... 4 -( 2 »— 1 )sinh( 2 n—l)f cos( 2 »— 1 )^?) 

8 " 1 
(# ia —l) s *( 2 «— 3j(zn—i)' 

So the series for ^ V l 2 (F a +F a ) converges absolutely and uniformly 
in the closed ring-shaped region 0<|3<£c$a including the boundaries. 
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The sum of the series therefore is the correct value for 

a 

V* (F a +F s ) throughout the ring-shaped region 

in which the function is finite and continuous. Thus the nor¬ 
mal shearing stress N across an aic £ = const, is certainly conti¬ 
nuous in the ring-shaped region including the boundaries.* It was pre¬ 
viously proved that N is continuous in the open domain 0 ^£<a, We 
have therefore proved that N \s finite and continuous throughout the 
plate including the boundary. 

We have thus proved that 

and w=*w x —f+F ir/ 2 ^ij< 3 ir /2 

represent a function continuous throughout the plate including the 

boundary. It satisfies the differential equations 

Dy*tv=p in 0<f<o;— tt/ 2< 17<sr/2 
and jDvu>=» 0 in 0<f<o; w/2< 17< 3 sr/ 2 . 

Further the stress-resultant JV and the stress couples G and H as derived 
from w are finite and continuous throughout the plate including the 
boundary £ =0. 

Further «;=— =0 on £=a. 

It is only at the points that lie on the minor axis that the 
differential equation of equilibrium has not been shown to hold. It 
was so, because the function defining the deflexion is such that the 
partial derivative of the fourth order with respect to x has a 
discontinuity across that line. 

We therefore take a rectangle bounded by the straight lines. 

1, X s * 1 

y~y* , y=y* 

where —b <y t <y x <b 

and 1( > 0) is small enough to ensure that the above rectangle lies 

a 

*L4kewise, we can prove that the normal shearing »tie»* .Vt cross an arc 
const, is cont nuous in the • una ring-shaped region including the boundaries. 
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completely within the ellipse. The value of the integral $Nds taken 
along the edges of the above rectangle can easily be shown to equal 

—hi c h * s j ust the weight of that part of the proposed load 

which happens to be contained within the rectangle. It follows that 
there is no toncentrated point load or line load any where on the 
minor axis. 

w as defined above, therefore, represents the deflexion of the 
central plane of a thin elliptic plate clamped along the edge (f—a) 
carrying a load of weight W spread uniformly over the semi-ellipse 

0<£<a ;—^<r]< ?. 

Case II 

The deflexion of the ceutial plane of a thin elastic plate of the 
shape of a semi-ellipse bounded by the major axis (say the semi-ellipse 

under the action of a uniform pressure 4 P 
where the elliptic boundary is clamped and the straight boundary 
is merely supported has also been given by Prof. Galerkin. He takes 
w A t=L( 3 ~4 cosh 2 ( + cosh 4 f)( 3 — 4 cos 2 i/-[-cos 4 ij) 

+(/jsinh £+J?jsinh 3 () sin 17 

2 f Bm- 0 sinh( 2 n—3) £+f|«_iSinh(2n—1)£ftf^sinh (2»—1)£ \ 

l I 

Xsin ( 2 n—l)ij* ( 16 ) 

where •^“3 Qfiu) anc * t ^ c constants l *s and B’b are to be determined. 

* The expression 

E—B x sinhS£sin 94 - * ^ | sinh (2n—S)(+B w - l *inh(2«+l)$ | 

sin ( 2 *—l)f 

is a formal solution of the differentiation in equation y in elliptic coordi¬ 

nates. It was given in a slightly different but essentially the same form by Prof. 
Galerkin. (Vide—B. Galerkin—Messenger of Mathematics Vol 52 (1923) pp 108-2*) 
See abo Timpe—Mathematische Zeittcrift Vol. 17 (1923) P. (92.) 

PS 
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The function w A formally satisfies the differential equation 
at every point of the semi-ellipse 

0 <(<a 
0 <r)<ir 


It also satisfies w 4 — — a -—0 over v — ® a nd q—n and also the 


conditions 


w^— =0 over f — 0 . 


af 


The condition of being freely supported along the major axis is 
thus formally satisfied. 


On the other hand remembering that * 


768 3 sin ( 2 n—l)ij 

/W ~ it n-i(2n—5)(2n—3)(2«—l)(2n+l)(2n-f-3) 


where 

and 


/(if) =3—4 cos 2ij+cos 4ij for 0 <i^<*r 
/(if) ** — (3—4cos 2 ^-j- c os 4 ? 7 ) for it^if^2it- 


The conditions —0 over £= a are satisfied by the follow¬ 


ing sets of values for the constants Vs and B’s. 

t / • ua o-uo-v A*(8inh4a4-7 sinh 2a) 
£ x (sinh4a—2smh2a) = —*——^ fT35- - 


2? x (sinh 4a—2 sinh 2 a) — ■ 


JT'sinh 2a 


1.1.3.5 


(17) 

(18) 

4n.i (sinh4fta—2 r sinh2a) = —jB #n _ s {2sinh (4n—2)a— (2»—l)sinh4a) 
A*{ (2n—3) sinh (2n+2) a— (2n +5)«inh 2«a) ,, 

(2«-5)(i2n-3)(2«-l) (2n + l) (2n+3) 

^«n-t (“Pit 4na—2» sinh 2a) =5 tn ^{sinh (4«—4)a— (2n—2) sinh 2a} 

, ff # {(2n—5)sinh 2»a—(2s+3)sinh (2»-2)a) /om 

+ "' (5«-5)(^-3T(2«-1 )(*»+1 )(WS) (20) 


•Prof. B. O. Galerkin—Messenger of Mathematics. Vol. 52 (1923) p. 109. 




where 
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We now define the functions w s (£, if) as 

w t (£> v) (3—-4coah 2£-|-cosh4£) (3—4cos 2ij+cos4^) 

-h (^»inh f+B lS mh S^siu, 

+J \ fl^sinh (2n—3) sinh (2»-1 )£+£„_,sinh (2»+l)* j 

xsin(2»— l)i) (21) 


in the region 0 a ; 0 


and 

u>a(£iV) — L($— 4cosh2£+cosh 4f) (3—4cos2^+cos4ij) 

4- {l x sinh i+B x sinh 3£) sin tj 

+ *inh (2/t—3)|±/ M _ 1 sinh(2»—1)£ 

+5 w . 1 sinh(2»+l)0sin(2n-l)^ (22) 

in the region 0< £ ^a; ir ^ q <2?r 
with the same values for L , /’s and 2Ts. 

The function w s formally satisfies the equation 

DV x *w t =bP in 0< $ < o; 0 < t) <ir 
and D Vf w s = —in 0 < £ <a ; n< rj < 2«r. 

Also from the manner in which the constants fs and B’s have been 
determined, we find that 


w 


dup 

~~ = 0 are formally satisfied over £ = a 


8 3 £ 


we now define the function w as 

w-w x -\-w s . 

Thus the function w formally satisfies the equation 

D V x * w — p over 0<£ < a ; 0 < ^ < tr 
and V x 4 w — 0 over 0<£ < o ; tr < ij <2* 


(23) 


also the conditions w > 


dw 

m n 


over £—o. 
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So w is expected to represent the deflexion of the central plane of an 
elliptic plate clamped at the edge supporting a lo b d of weight W spread 
uniformly over the semi-ellipse 

o<£<a ; o<i i<*. 

It is now necessary to examine the expression w which formally 
satisfies the requirements of the problem. 

It is easy to show that 

L (3-4cosh2f+ cosh4fj (3-4COSa»j+cos^) = . (24) 


Denoting the above by f and the series 

(sinh {■ +2?! sinh 3^) sin q 

+2 sinh (a n /t*_isinh (an—1)£ 


sinh (2n -f 1) i} sin (an — 1 )tj 
by F' we may write the expression for deflexion as 

“ “tOi -kf'+F’ in 0 <£<<* J <ir (35) 

(i.e., forj»>o) 

w = w l —f+F' in 0<£<a;ir<i)^2ir (26) 

(i.e., fory^o). 


Now, the function 


for y ^0 

and 41' = for o 

is evidently continuous at 


Partial derivatives of with respect to x are all zero. Again 
partial derivatives upto the third order of f with respect to y are con¬ 
tinuous throughout the plate while the partial derivatives of the fourth 
order with respect to y has a finite discontinuity at y =o 
It is not even defined fory —o. In fact 
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.ad 

So DVjty' *=\p for y>o i.e. in o<£<a; o<ij<w 

and DV\p' ==* —\p forj»<o i.e. in o<i<a;n<ij< 2 n. 

It is plain that contributions to stress resultants and stress couples 
due to are finite and continuous throughout the plate including the 
boundary. 

We next break up the series F' as before, into three parts 

^'=*V+iV-MV 

to 

where F t ' — 2 Vx sinh(an—1)£ sin (211 —i)ij 

ft - *! 

F % '=2 5, n _ 3 sinh(2n— 3 )f sin( 2 «—i)ij 

n*»d 


we write 
Then 


/y=2 sinh^n-f-OfsiM 2 * -1 ) 1 ? 


j' n ■» sinh 4«o—2 n sinh 2 a. 

nr, K' sinh 2a 

1 "* I. 1.3*5 

' 1 — ^ sinh4a sinh2 °) 

1 • 1 • 3 • 5 • 7 

/ > | it*' {sinh 6a—9 sinh4a} 

1 • 3 • 5 • 7*9 

B f ‘**B f * I ^ fa 8 * 0 * 1 ainh6a} 

1J1 - */« 3.5. 7 . 9 .,, 


. iT{(2n—0 sinh ana—(2B+3) sinh (2n—2)a 
+ (2«—5Ji(2n—3)(2n—i)(2«+i)(2«-f3) * 

Adding we have 

P it * _ JT sinh 22a _ 

s»-i/s »-i *“ (an—3) (22— 1) (2n-H) (22+3) 
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K' sinh2na 


Bm ~* (211-3)(a»—i)(a»+i)(an+3)/', 
We can now prove that for sufficiently large n 

l-^Wal ^( aB __3^ an _i)(aB+i)(an+3)« jna 


Also since 

f'*n- 1 5 Sf ,-#{2 8 inh( 4 n—a)a—(an—i)sinh4o} 

_A*^_{(2n- 3) sinh(an+a)tt—(2n+5 ) sinh(an—a)a} 
(a«—5) (2n—3) (2«— 1) (an+1) (2»+3) 

We can now show that, for sufficiently large n 

Kttt-iI^ ( a fl_5)( a n_g)( an _i)( a n+ I ) e ma 
where G ' is a positive constant independent of n. 

We can easily prove that the series 


(87) 


( 88 ) 


«o 

F 1 '=2 /g«_ 1 sinh(a«— 1) £ sin(2»—i)i? 

tm 


F* =2 5 aft jsinh(an—3) f sin(2rt—i)n 

F*'—2 5 M .jsinh (an + i)f sin(2n— i)ij 
n»i 

each converges absolutely and uniformly throughout the elliptic plate 
including the boundary $—a. Each series therefore represents a con¬ 
tinuous function throughout the plate including the boundary. The 
sum of the three series, i.e., the series for F, thus, converges absolutely 
and uniformly throughout the plate including the boundary. It may, 
therefore, be re-arranged in any way we like and the sum which remains 
unaltered for any re-arrangement of terms represents a function which 
is continuous throughout the plate including the boundary. 

It is quite easy to show that can be obtained by term-by- 
term differentiation of the series for F with respect to £ for all points 
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of the plate including the boundary. This justifies the process which 
was employed to determine the values of the constants. Further the 
partial derivatives of all orders of F' with respect to t and tj and also 
mixed derivatives of all orders may be obtained by term-by-term 
differentation of the series for F’ at all points within the interior of the 
ellipse and in that open domain they represent continuous functions. 
Derivatives upto the second order are however continuous upto the 
boundary. 

We can easily show that the complex series 


2/ 


sn-i 


(cosh 2n— i f cos 2« -1 isinh 2 n — i $ sin 2»— 1) ij 


transforms itself into the following series 


2 / 
n-i 


sn-i 


P 


•n-i 


(«) 


where P tn _\ (z) is some polynomial of degree (2«—i) in z- 

The latter series being uniformly convergent in the interior as well 
as the boundary of the ellipse £=a represents an analytic function in 
the interior of the elliptic plate. 


The series /V—2 l tn -i sinh (zn—i) |sin(2n— i)ij 
m 

being the imaginary part of a function analytic in the interior of the 
plate, possesses continuous partial derivatives of all orders with respect 
to x andj» and also continuous mixed derivatives in the same domain. 
So the contributions to the stress-resultant JV and stress couples G and H 
arising out of are continuous throughout the interior of the plate. 


The function Fi is harmonic throughout the 
tic plate, i.e. 


- o 


interior of the ellip- 


V t * Fi = 0 throughout 0< (<a 


and so 
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The series 


F^-\-F 9 ' =-^5 gn _,|sinh (sn-hi)i sin (an-i)ij 


4- sinh(2«-i)£ sin(2n+i)i}j 
is the imaginary part of the function 


(* iy) 2 B tn ^p tn (z) 

tm 


m 

where 2 B tnml P in (z) is a function analytic in the interior of the 

n»l 

elliptic plate. Writing 

2 B%n-\P%n (Z) °» ®+»' 


we have 

Ff -\-F^' *=xv'—jn). 

It follows that 

V\ (F t '+F $ ') «o throughout the interior of 

the elliptic plate £=*a. 


The contributions to the stress-resultant JV and stress couples G 
and H arising out of F/+F 8 ' are also continuous throughout the 
interior of the plate. Having proved that G, H and N are continuous 
throughout the interior of the plate we have only to consider their 
behaviour on the boundary. 


We can easily show that the series obtained by differentiating 
the series for F x ' , F t ' and F,' twice with respect to ( and i j are 
uniformly convergent throughout the plate including the boundary 
(”=a. This shows that the stress couples G and H, depen ding as they 
do on derivatives upto the second order are continuous upto the 
boundary. The region of continuity of the stress-resultant JV may as 
in the previous section be also shown to extend upto the boundary of 
the plate £ - a. 
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It therefore follows that ths series for w defines a function that 
is continuous throughout the elliptic plate including the boundary. 
The stresses as derived from w are continuous throughout the plate 
including the boundary. Further w satisfies the differential equation 

a w 

D V x * =• in o "£<a;o<i7<jr 

and the differential equation 

V*,w**o in o<£ <a; n<i)<2ir. 

Further let us take the rectangle 


*=*,; x 


y — —1 \y -l 

where —a<x t <Xi<a; and where / (>o) is small enough to ensure 
that the rectangle lies completely within the ellipse $ =o. The rec¬ 
tangle evidently contains the length (x x —JCj) of the major axis. Now, 
the value of the integral JJV ds taken along the edges of the rectangle 

may very easily be proved to be equal to- 2 This shows 

that there is no concentrated point load or a line load anywhere on 
the major axis. 


dW 


Finally w — — =o are satisfied over the boundary £—a. 


Thus w represents the deflexion of the mid plane of a thin elliptic 
plate clamped along the edge £—a, carrying a load of weight Nospread 
uniformly over the semi-ellipse o<£ <a, o<tj<ir. 

I am indebted to Prof. N. M. Basu for the kind interest he has 
taken in the preparation of the paper. 
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Introduction 

The object of the present paper is to investigate, among other 
things, certain novel properties of a circular cubic and also of a bicir¬ 
cular quartic, with special reference to the normals, that can be drawn 
from the centres of inversion to the associated focal conics. Notice has 
also been taken of the rectangular hypeibola, that has been shown to 
pass through the feet of the afore-said normals. 

The whole paper has been divided into three Sections, of which 
the first two deal respectively with a circular cubic and a bicircular 
quartic. Section III finally disposes of certain digressional matter on 
the construction of differential equations of the first order, whose 
singular solutions shall be assigned (plane) curves, e. g., a parabola or 
an ellipse or a hyperbola or a circular cubic or a bicircular quartic. 

It has been tacitly assumed throughout the paper that the circular 
cubic or the bicircular quartic under discussion is of the unrestricted 
type, so that it is bicursal, i.e., has unit deficiency or genus. The 
unicursal type of circular cubic or bicircular quartic, being of a 
comparatively simple type, has been practically ignored in this paper. 

Although the subject under discussion is classical in origin, the 
paper is believed to embody a considerable amount of original matter. 
f 4 
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Other papers, bearing on this subject, are in course of preparation aijd 
are expected to be published in the near future 

SLC 1 ION I 
{Circular Cubics) 

Art. i. As was pointed out by Dr Casey, a bicursal circular 
cubic r possesses, in gtneral, four circles of inversion (ff, rr,, ir g , ir 8 ) 
and four focal parabolas ( 2 , 2 j, l a , 2 a ), so cori elated that the cubic T 
is describable as the envelope of the set of circles, having their centres 
on any one of the focal conics (say 2 r ) and cutting the corresponding 
circle of inversion (say, ff,) at light angles As a matter of fact, if 
any of the circles (say, if) and the associated parabola ( 2 ) be repre¬ 
sented in the respective Cartesian forms 

(*—j 3 ) 2 ^A* and y % ^^a{x-{-a) • . . (i) 

the equation of the bicursal circular cubic can be thrown into the 
form: 

#(**+.7*) + (2fl—a) (x*+y) + (c 8 —4<2a)x —^afiy 

4* {2 a (<* 8 +0 a ) —c 8 a}=o, (I) 

where c % ^=k 2 — a 2 — 0 8 . . . . (2) 

By algebraic manipulations, (I) can be turned successively into each 
of the three equivalent forms, viz 

*(**+/) + (2a r —a r ) {x*+y*) + (^, 8 —4^A)^-4 <* T f) T J> 

+{2a r (a r *-H3 r 8 )-c r 8 a r }=o, (r-i, 2,3^, . (II; 

provided that the constants {a T }, {c T }, {a,}, {| 3 r } and {x T } arc determined 
by the relations: 

a r “a+A rj a r = a 4 - 2 X r , \ . . . (Hj) 

and c r a =c a 4-4X r (20+0)+8x r 2 , ) 

and Xi, Xj, Xg are the three non-zero roots of the biquadratic in x, viz : 

^q^+(a—x)(a+2x) a —4flx(a+2x)—c 8 x—a(a 8 +^*)=o. (IV) 

In view of (2) and (III), the equation for k x is evidently 

f 4 X r (afl+o)+ 8 x T 8 ,.(r-1, 2, 3). 
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Comparison of the Cartesian equations (I) and (II) at once leads to 
the conclusion that the other three circles of inversion (ir lt jr,, it.) 
and the corresponding focil paiabolas (2j, 2 a , 2 a ) are given by 
(*-a r ) 8 +(^-0 r ) a =* r a and y 2 =*4a T {x+a T ), (r-1,2,3). 

The very forms of the four focal parabolas ( 2 , 2 j, 2 a , 2 8 ) at once 
proclaim their confocal character, the common focus, viz. 0 , being, of 
couise, the double focus of the cubic JT. The four centres of inver¬ 
sion, viz. 

( a i> Pi)> l«a, Pa)> (03. Pa) an<1 («» P) 
will be hcnccfoith denoted by the letters A B, C, D (taken in order). 

The subsidiaiy 1 elation*, vi/. 

2<7 r —a r =2rt- a, a T fi,=a(i, c T i —^a r a r =c i - \aa Hr-1,2,3) 
and 20 T (a r 2 J-p, 2 ) -c r 2 a,-=2fl(a 2 p 2 ) — c 2 a, (V) 

which follow automatically fiom (III), 01 as a consequence of (I) and 
(II) being identical, will be made use of in the succeeding articles. 

Art. 2. Selecting indiffeicntly one of the focal parabolas (say, 2 ), 
viz., y 2 4 a(x+a ) .. ... (1) 

and writing b = 2a - a, 

we find, by Elemental y Geometiy, that the leet of the three normals 
drawn to 2 from the concsponding centre of inversion D (o, P), arc 
the three finite * points ot inteisection of 2 with the rectangular 
hyperbola (s), viz., 

xy+by - 2«P*=o, ... ... ( 2 ) 

whose centre ( L ) is the point (— b , o), and whose asymptotes, viz., 

x+-b -a and-o 

are identical, respectively with the real asymptote of the cubic T and 
the common axis of 2, 2 X , 2 a , 2 8 . 


*Fot brevity’s sake.The expression finite point hts been used to denote a point 
lying in the finite pait of the plane, (as rliainguhhcd fiom a point lying on the line 
at infinity) 

The fourth point of intersection of 2, and s can be cadi) accounted for. Foi 
it it crystal-clear that, if K and K' be respectively the two points at infinity, attach 
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In view of (V) of Art i, the equation (a) of s can at pleasure be 
re-written in each of three (equivalent) forms : 

^+(2ar-« r )^-2(7 r 0 r =o, (r-i, 2, 3). ... (3) 

Interpreting this result geometrically, and noting that more than 
four arbitrary points cannot—unless specially related to one another— 
lie upon one and the same rectangular hyperbola, we may summarise 
our conclusions in the following manner :— 

For a bicursal circular cubic r, the sixteen special points , consisting oj 
the four centres of inversion A, B, C, D and oj the feet of the four triads of 
normals drawn from them respectively to the four focal parabolas 2 1 ], J|, Ij) I 
must all lie on a certain rectangular hyperbola s, whose asymptotes are res¬ 
pectively the real asymptote of r and (he common axis of the four ( confocal) 
focal parabolas. 

Prior to the discussion of other geometrical features of the 
conic E, we intend to make a short digression (in the next article) on 
the diverse types of polar conics of the original cubic J\ 

mg to the coordinate axes (a=o .md y=o ), ihen (A', A') may as well be designated 
as the two points at infinity on £. Remarkably, K is also the real point at infinity 
on T, (the other two points at infinity on r being the two circular points at infinity), 
whereas AT' is the point of contact of v with the lin° at infinity. Thus this point K '— 
situated wholly at infinity—is the fourth point of intersection of v and £, and is often 
ignored in the enumeration of points of intersection of the two conics. This explains 
the anomaly referred to. 

According to (£uclidean) Projective Geometry, an arbitrary rt. line, lying in a 
plane, may in a special sense be said to be pet pendii ulai to the line at infinity situated 
in that plane. The truth of this apparent paradox becomes manifest, if it is remem¬ 
bered that the condition of perpcndiculai ity viz. 

aa'+bb'=* o 

of two right lines, whose Cartesian equations aie 

ax+fy+esMO and a'x+b'y+c^o 
is fulfilled independently of a, b, if only a’**o, b’*= 0. 

The afore-mentioned principle being borne in mind, it is clear that the line DK' 
is perpendicular to the line at infinity, which is, however, the tangent to £ at K'. 
So DK * behaves like the normal to £ at K*. This fourth normal (DAT') from D to £ 
being left out of consideration, we speak, as above, of only three (ordinary) normals 
(from D to £). 
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Art. 3. If <(>(x, y) stands for the L.S of the equation (I) of Art. 1 
the partial differential coefficients are given by 

'gj=»3**+y+2^+(f a -4a«); 2flP), ] 

aj( „ MU. ^^ntxL.b). 1 

8* 2 ^ 5 bxby by 1 ) 

We shall now invoke Art. 3 (Gh. VII, P. 93, Exs. 4, 6, 9) of Hilton’s 

Plane Algebraic Curves (1919) to dispose of the sets of points, whose polar 

conics shall be of prescribed shapes. 


Firstly the locus (,\) of points, whose polar conics are rectan¬ 
gular hypei^Dolas, is a right line, whose equation is 

3 2 4 > . 3 - 4 > , b 


r—r „ \ o, t c., x- 


(1) 


Thus \ is parallel to the real asymptote ( x — —b) of the given cubic I. 


Secondly , the locus ( 5 ) of points, whose polar conics are parabolas, 
is the hyperbola, whose equation is 

^ T*-(b b ^) =oi '- {x+b) 0 ••• w 


dx 1 ay* 


i.e., 


( x+ f)' JL „ 

JT " O '' 


So the centre of this hyperbola S is the point oj and its ec¬ 

centricity is 2. 


Thirdly , the polar conic will be a circle, if the coordinates of the 
point in question conform to both the relations 

fi*d> 8*4) . 8 2 4> 

bx i=, by* and bxby “ 0 ’ 

i.e., if the point coincides with the origin. That is to say, the double 
focus 0 (of T) represents the only point, whose polar conic (JP) is a 
circle. This polar conic T —of circular shape—will afterwards be 
referred to as the polar circle of the given circular cubic T. The actual 
equation to T can be easily seen to be 
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A(^ a -t^*)+a{(c 8 —4<za)*—4aj3j»}+3{atf(o a +p a ) -A*}=o, (3) 

so that its centre (E) is the point 

( c '~r- ¥)’ w 

provided, of course, that b=£o When, however, b o the polar circle 
breaks up into the line at infinity and an ordinary line 

The symbol K being as before supposed to denote the real point 
at infinity on the given cubic P, and the symbol / icpresenting the 
centre of the hyperbola r we shall now point out a sort of reciprocal 
relation between the points 0 , E) and also between the points (JT, L) 

In the first place we remark that the polar conic of an arbitrary 
point (x , y ) w r t P has for its Cartesian equation — 
x{ 3 &+y 2 +abx-\ (c* (x> \-by—aa(i) 

-h[b(x 2 iy 2 )+a[(c i —4aa)x-4afy>}+3{aa(a 2 +fi a )—c^]^o (5) 

Accordingly the polar conic of the point E, as defined by (4), is 
given by 

(c a —4fl a )(3* a +^ a ) — b 2 (x 2 +y 2 )— 0 a ) 

— 3bc 2 a— (c 2 ~4a<x) 2 — i6a 2 f} 2 , 
which shews that the origin 0 is the centre 

Next, by (5), the polar conic of the point L (—b, 0 can be 
accommodated to the symbolic form 

Ax 2 +aGx+ary+C o, 

(where the co efficients are all constants) manifestly this conic is a 
parabola, which has its axis parallel to the real asymptote (x — b) of 
the cubic P, and which may, in the phraseology of Projective Geometry, 
be spoken of as a special type of central conic, the special feature being 
that its centre is situated at infinity and is none other than the real 
point K of P at infinity 

To sum up the last set of results, we may simply state 

(1) that the polar conic of any one of the two points ( 0 , E) has 
the other for its centre, 
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and (ii) that the polar conic of any one of the two points ( K , L) has 
the other for its centre. 

Admittedly these results are to be regarded as simple illustrations 
of Casey’s general principle that, whenever the polar conic of one point 
(w. r. t. a cubic) has another point for its centre, the polar conic of 
this latter point must have the former for its centre 

The accompanying diagram exhibits roughly the relative positions 
of the several points and lines (last mentioned), intimately related to a 
bicursal circular cubic r, it being implied that the double focus 0 of 
r docs not lie on the real asymptote (so that b 2 a —a^o ) 



In view of the results pioved heretofore, the geometrical construction 
for the points L, M , N may be stated in the following indirect form:— 

From the double focus 0 drop a perpendicular OL on the real asymptote 
of the given circular cubic T and bisect and trisect OL respectively at K and M, 
this latter point being the point of trisection nearer to the end-point L. Then 
the point L (i.e. the foot of the aforesaid perpendicular) must be the centre of 
the rectangular hyperbola 2 considered before. As for M, the characteristic 
property is that it is the centre of the hyperbola S, representing the locus of 
points , whose polar conics are parabolas. Finally , the point N has the distinc¬ 
tive property that the line, drawn through it parallel to the real asymptote of T, 
represents the locus of points , whose polar conics are rectangular*hyperbolas. 
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The next article will be devoted to the consideration of the other 
type of circular cubic, whose double focus lies on its real asymptote, 
(so that b*=2a —ct“o) 

Art 4 Suppose that r is a cnrular cubic, whose double focus 0 
lies on its real asymptote 117 , 7 be the two circular points at infinity, 
and AT denotes, as before the real point (of r) at infinity, the tangents 
at 7 , J, K must be concurrent, the point of concurrence being the double 
focus 0 (as shewn in Fig i) 



I* Jt AT, being the points of contact of three of the tangents, that can be 
drawn from 0 toT, must then he on the polar conic of 0 Consequent¬ 
ly the polar conic of 0 must consist of two right lines one of which 
is the line at infinity IJK The immediate inference is that the point 
0 will lie on the Hessian ( 77 ) of 7 1 , md that the line at infinity will be 
a tangent to the Cayleyan 

Hence, observing that, when b o, all the four points of Fig i, 
viz , 0 , L, M, N, coincide, we can give the following garb to the final 

result — 

A necessary condition for the double focus of a bicursal circular cubic T to 
he on its real asymptote may be stated in any one of the following forms - 

(a) that the double focus should lie on the Hessian, 

(b) that the double focus should lie on the line-locus of points, whose 
polar conics are rectangular hyperbola *, 

(c) that the double focus should be the centre of the rectangular hyperbola 

2, which passes through the four centres of inversion as also 
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through the jeet of the four triads of normals, drawn respectively 

from the four points to the four related focal parabolas; 

(d) that the double focus should be the centre of the hyperbola (S), whuh 

represents the locut of points, whose polar conics are parabolas; 

• 

(e) that the polar circle, (i e , the polar conic of the double focus) should 

break up into two right lines, one of which is the line at infinity, 

(f) that the line at infinity should touch the Cayley an of the cubic. 

It may not be out of place to remark that the class of bicursa 
circular cubics, having their double foci seated on tficir real asymptotes 
includes, within its fold, an important sub-class, consisting of 
central (and therefore bicursal) circular cubics. We observe inciden¬ 
tally that the converse of the property (a) is not necessarily true. 
In other words, when the double focus (of a bicursal circular cubic) 
lies on the Hessian, it may or may not lie on the real asymptote. 
The converse of each of the remaining properties (b), (c), (d), (e), (f) 
can be icadily shown to be valid . That is to say, in order that the 
double focus of a bicursal circular cubic may lie on its real asymptote, 
the sets of conditions (b), (c), (d), (e), (/) are each necessary as well as 
sufficient, but the condition (a) is necessary, but by no means sufficient. 

Art. 5. Let us now rever t again to the unrestricted type of bicursal 
circular cubic r (b-fio). We now intend to establish another interest¬ 
ing property of the attached (rectangular) hyperbola 2* 

It is common knowledge that, for a bicursal cubic T, the series 
of polar conics, answering to different points on a given right line 
W, constitute a pencil, passing through four fixed points, which arc 
called the four poles of W. If we now look for the poles of the line at 
infinity w. r. t. the bicursal circular cubic F, given by (I) of Art. 1, 
we readily perceive that they are designable as the (four) points of 
intersection of the two conics: 

^ * 3**+^“+a bx+ (<r> -4 aa) -o 

and m 9 ,\xy-\-by—aaff) * o 

v 

v 5 


* 

», where b=^aa—ayko. 

* 
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Reference to Art. 2 makes it plain that the second of the two 
conics is no else than the rectangular hyperbola Because the first 
conic is an ellipse, it follows that 3 is the only (f) rectangular 
hyperbola that can be drawn though the four poles. 

* We are therefore entitled to summarise our conclusions as 
under:— 

The rectangular hyperbola £» that passes through the four centres of in¬ 
version of a bicursal circular cubic T and also through the feet of the four triads 
of normals drawn from the four centres to their respective focal parabolas, may 
also at pleasure be characterised 

(i) as the uniquely determinate rectangular hyperbola that can pass through 
the four poles of the line at infinity , 

or (ii) as the uniquely determinate polar conic, having the real asymptote of 
r for one of its own asymptotes. 


section u. 

Bicircular Qyartics 

Art 6 . A bicursal bicircular quartic T possesses—in precisely the 
same way as a (bicursal) circular cubic does—four circles of inversion 
n, III) lit) II3 and four corresponding focal conics 2,2 V 2 t , 2$, so 


(f) Attending to the patent facts that the number of equilateral hyperbolas, 
that can be drawn through four given points, is either 1 or ee, and that any one of 
the four centres of inversion is the orthocentre of the triangle*formed by the other 
three, one can easily explain why the rectangular hyperbola s is perfectly defined 
when it is said, to pass through the four poles of the line at infinity, whereas the same 
curve (s) is imperfectly defined—defined (as a matter of fact) as one among infinitely 
Mqp rectangular hyperbolas—when it is said to pass through the four centres of 
inversion. 
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related that r may be described as the envelope of the set of circles, 
havingtheir centres located on any one of the focal conics (say, 2,) and 
intersecting the associated circle n r at right angles. The analogy 
between the two cases is almost complete save as to the fact that, 
whereas each of the focal conics of a circular cubic is non-central (i.e., 
parabolic), the focal conics of a bicircular quartic are all central (i.e., 
elliptic or hyperbolic). If any of the circles of inversion (say, El) 
and its attached focal conic 2 be taken in the respective Cartesian 
forms: 


(jr-BP+O’-P)*-** 


and 


*+$»' 


z> 


(I) 

(II) 


the equation to r is easily obtained in the form : 

(x*+j*+c*)*= 4 {a\x-a)*+b\j-pn 

where r*=A 2 — a 2 — p a . 

By elementary algebraic manipulations, (II) can be converted into 
each of the equivalent forms, viz., 

(*>+j.»+C.*)*- 4 K*(*-« r )*+V(^-P,) a }. (>•-■,». 3 ) (HI) 

provided that the new triads of constants 

W > (*,} , Kl, {a,}, m 

are defined by 

2a a a _ 2&»fl 

a' T ■ 2' ' 2fl 4 +X r ’ 




(IV) 


and Ai> Aj, A a are the three non-zero roots of the biquadratic in A, viz. 

a* + aA+ 4 aW+4i*P‘-^*- il %=o. 

Comparison of the equations (II) and (III) at once points to the 
conclusion—which could be foreseen from other considerations—that 
the other three circles of inversion (Eli* IIg> 11$) and tne associated focal 
conics (2i, 2g, 2 a ) are given by 


(*-<O l +O'-0r) , -V and 
it being understood that k T is defined by 


= 3) 


i.e. 


t • , , , 4 a i « a 4 ^* 

" C+A '+(£$£□* + W+tf' 
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Wc note here, for future reference, the following subsidiary relations 
(which follow automatically from IV or from a comparison of II and 
III):- 

a* —A r 8 "• fl®— b*, 

a and fl r * 0 r -^ 0 s 0 , (r-1,2, 3). ... (V) 

Denoting the four centres of inversion (o, | 3 ), («i, Pj), ^a a , p a ), (o 8 , p a ) 
by the letters D, A, B, C, we shall investigate (in the next article) the 
tetrads of normals that can be drawn from the four points to the 
corresponding focal conics 2, 2 X , 2 a , 2 a . 

Art. 7. If we now pick out at random one of the focal conics 
(say, 2) having for its Cartesian equation: 

we notice that the feet of the four normals, that can be drawn from 
the corresponding centre of inversion D(a, 0) are the intersections of 
2, with the rectangular hyperbola 2» defined by 

a i ay—b i ^ix—{a % -b t )xy^ o. . (1) 

On the strength of (V) of Art. 6 the equation last written can be 
successively turned into the three equivalent foi ms: 

a* a^-Vp, *-(«,»-&,*) xy =0. (r=i,2,3). (2) 

The obvious geometrical interpretation is that the sixteen points, 
viz., the feet of the four tetrads of normals, that can be drawn respec¬ 
tively from D , A, B, C, to the corresponding focal conics 2 , 2 a , 2 a , 2 a 
lie on one and the same rectangular hyperbola 2* which is completely 
definable by any one of the (equivalent) Cartesian equations (1), (2). 

Regard being had to the undeniable fact that the hyperbolas 
goes through the origin 0 , which is situated mid-way between the two 
real double foci (±Va*—A 1 , 0) of the quartic f, we can enunciate the 
final result in the undermentioned form 

. * 

For a bicursal bicircular quartic f, the twenty special points, oiz-» the 
Jour centres oj inversion, and the jeet of the jour tetrads of normals, drawn 
respectively from these centres to the jour corresponding focal conics , lie on one 
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and the same rectangular hyperbola , whose asymptotes are respectively 
parallel and perpendicular to the line joining the two i ouble foci oj JH, an, 
which goes through the mid-point oj this line. 

Section III 

[Associated Differential Equations ) 

Art. 8. A little reflection shows that, when a curve r of the most 
unrestricted type is given, there can, in general, be found an infinitude 
ot'families of curves, having T for their common envelope (complete or 
partial). Thus, for instance, the curve iP is the envelope of: 


(i) its set of oo 1 

of tangents, 


(if a) , 

(ii) »> »> »> 

circles of double contact. 

(ifn ^ 2) 

(lit) ,, ,, ,, 

osculating circles, 

w 

(iv) „ „ 

>> 

parabolas, 

(») 

(v) „ „ „ 

» 

rectangular 

hyperbolas, („) 

(vi) „ „ „ 

yy 

conics, 


(vii) ,, » „ 


cubics 

(ifa>4) 

(viii) „ „ „ 


quartics, 


and so forth. 





It is abundantly clear that, if the general Cartesian equation ol 
any of the above families of curves be taken in the functional form: 

••• ••• 0 ) 
•the c— discriminant, say F (x,y) , when equated to zero and freed from 
extraneous loci (if any) , will represent the original curve/ 1 . Further¬ 
more, when the parameter c is eliminated from (i) by piocess of 
differentiation, 

the resulting differential equation, viz: <|> (x,y t p) ~o, (pssjj?)... (a) 

will have the same set of curves viz., (i) for its integral curves , and its 
^•discriminant, freed (if need be) from extraneous loci , will denote the 
original curve T. Thus any given curve T may always be regarded as the 
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common singular solution {complete or partial) of an infinite number qj 
differential equations of the first order tike (2). 1 

In the succeeding article we shall illustrate the afore-mentioned 
principle with reference to a conic, a circular cubic and a bicircular 
quartic. 

Art 9. There are a number of examples to be taken up one 
by one. 


Example 1 . The parabola (jfi =-4a*) is easily seen to be the 
singular solution of the differential equation: 

{yp-aa)*+y*-qax-o, 

the general solution viz: {x—t^+^—^ax^o, (t is a parameter) 
representing the series of 00 1 circles of double contact. 


Example II. The ellipse: =1 

is the common singular solution of the two differential 

their respective general solutious, viz : 


equations viz.,: 



and 




(t is a parameter) 


representing the two systems of circles of double contact that the 
conic can have. Evidently the corresponding result for a hyperbola 
is to be deduced by changing b * into —b*. 


Example JJI. For a bicursal circular cubic T, we may proceed 
as in Art. 1, and represent a circle of inversion n and its related focal 
parabola 2 in the respective forms : 

(#—a)* 4 - 0 '-P) a, »* 1 and 
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.. (A) 


and finally derive the equation of T in the symbolic form : 

(x-a)S+2a(jf~p) a =a,. 

where S=^x a +J> a +2ax-hc a — 2aa 

and c 2 sk a —a a —f}*. 

Manifestly the family of circles, whose centres lie on 2 and which cut 
it orthogonally, has for its Junctional equation: 

xat a {x—a) — 4 at (y—P) — S—o, (where t is a parameter) 

The associated differential equation is readily seen to be 
{S—2(x-a)(x+py f a)\ a -Qa{p(x-a)~(j>-p)} 

{pS—2(j>-ji)(x+ftj>+a)}*°o, 


(B) 


(G) 


where 


P * 




dx 


Accordingly, this differential equation has (B) for its general solu¬ 
tion, and (i 4 ) for its singular solution 


Repeating the same line of argument, we infer that the other 
three differential equations (of the first order), which claim in common 
with (C), the original bicursal cubic/ 1 , viz, (A) for a common singular 
solution, are of the type : 

{S r -a(*-u,) (x+py +a t ) } a -8«,{p(*-a,) -(_?-0 r )} 

{pS r -2(j>-fi r ) (x+pj>+a r )} = o (r-1, 2,3,), 

it being understood that 

a x - a -f-A„ o r - a+ 2 A r , p T - c a - c a +4A r (2a+a) + 8A r a , 

S T - f+f+aOiX+cJ-aa^, 

and that A„ a,,*, are the three non-zero roots of 

*^+(a A)(a+ 2 A) a — 4 *iA(a-| 2A)-r a A-a(a*+0*)=o 

It goes without saying that the corresponding general solutions are to be 
deduced from (B) by changing a, a, 0 , c, S respectively into 

®r» Pr> tj) 

Example IV The equation of a bicursal bicircular quartic 7 1 be¬ 
ing, as in Art. 5, taken in the form: 

‘(^+y+«») , -4{a , (*-<») a +^-^) a }, (c a »* a -a a -0 a ), (I) 
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where of course, a. circle of inversion n and the related focal conic 2 
are given by 

(*-«)■+(>—0)*-^ and 

it is easy to verify that the functional equation of the series of circles of 
double contact having their centres located on 2, is 

aa(x-a) cos/-f ab(y— | 3 )sin/— (x a -+ y i +c i ) -^o, (/is a parameter) 

... (II) 

whereas the corresponding differential equation is 

<**{(**-h^+c *)—2 (*-«) {x+PJ>) f* ■+ « 2 )—a(j»—0)(x-f py)Y 

- 4 o* 4 «{/(*-a)-(j’-| 3 )} , -°. (p £).(Ill) 

In other words, the bicircular quarticP, as given by (I) is the singular 
solution of 'HI), the general solution being, of course, (II) 

Evidently the other three differential equations of the type (III) 
having (I) for their common singular solution, are given by 
fl r *{ (* a +y+c r 2 ) s - 2 (*—a,) (x +py) } a +£ r 2 {p (x* +y+0—2 (y—p r ) (x+py) j a 
-\a*b r -\p{x- a T ) — (y~p r ) } 2 = o, (p= -£j y (IV) 

it being postulated that {a r }, {A r }, {c T ), {a r } and ||? r } are defined by 

a,' .*+*', 4 ,’- 4 >+*\ c’-c>+ K 

-2a a Ct 


aa 1 


>« 2 b*B 

+x r * itm T ' 


and X x , A a , x # are the three non-zero roots of the biquadratic in X, viz, 
x>+ a A +4 ««a> 

Needless to say, the general solutions of the three differential 

equations of the category (IV) are derivable ftom (II) by changing 

a, b> c, a, 0 

respectively into a r , b T c T , a,, p r . 

Thus, as is to be expected, the general solutions of the four 
differential equations (III) and (IV) are quite distinct from one another 
although theft singular solution is the same. 

It is hardly necessary to mention that in each of the four examples 
I—IV, considered in this section, the singular solution represents only 
the envelope, there being no extraneous locus included in it. 



MOTION IN FLUIDS OF VARIABLE DENSITY AND 
VARYING COEFFICIENT OF VISCOSITY 

By 

Santi Ram Mukherjee 
(Engineering Collette Bin xias Hindu University) 

Received on 2nd April 1948 

This paper is in continuation with the auther’s previous papers 
already published in the Proc cdings of the National Academy of 
Sciences, India In the previous papers motion in incompressible 
fluid either with varying coefficient of viscosity or variable density ha* 
been investigated Here motion when both density tnd viscosity 
vary at the «ame tun , has been studied We have treated here both 
of them as linearly varying and assumed p p 0 f-A* and p = p () € X i 
where p 0 and p. 0 are the the values of p and p respectively at the ongin 
and A and e are constants Here a is a small quantity of the first order 
but e not necessarily too small to be neglected 

Th'* formula of stokes (1) for the resistance experienced by a 
slowly moving sphere in a fluid of constant density has been employed 
in physical researches of fundamental importance, as a means of 
estimating the size of minute globules of water and thence the number 
of globules contained in a cloud of given mass, and has led to much 
discussi n both from the experimental and lrom the theoretical side 
Ose n made a 1 interesting innovation in the treatment of the above 
problem 

Here we have discussed the slow and steady motion, in the 
manner of Oseea, and solutions of hydrodynamical equations arising 
out of motion have been obtained in series 

Assuming the above laws of variati m in p and p and neglecting 
extraneous forces, the equa ions of motion arc, in the method of 
Oseen, 

P 6 



186 


Santi Ram Mukherjee 


(*>+»)vfr^+if* + %) 

(*+»K~ -g+(fc+“) v*+C+£) r 

with the equation of continuity 

3 g . dv . dw Ux 

dX ^ dj^dZ Pa J 

by wnting U-\-u for u and neglecting small quantities of the second 
order. These latter symbols now denote the components of the 
velocity which would iemam if a translation - U were superposed on 

the whole system. Putting 7 i«u+^* in ( 1 ) we have 

(po+**)tff£- -f£+(l<>°+8*) V*-fe (|+a“)+ 1 


/ .* \n Uk 2&Ux.2eUX 

(pj+w)£ 7_- v+s _ 

<*+*< -£+<*+«> 

IA.+W) l/ 3 “ - -J|+(M«) V%+»(-f +|) 

Wlth •" l+l+3-f =°' 

i 

Let »=■»,+», and w^w l +w l such that 

+* ^-‘(S+'ii— tx +<*.+•*>*■■. 


..(In) 


(p 0 +xx) 

(Po+^U*”' 


- *(5 + 5?)—£+(*+«) «!i 

-t ( 9 irt + l?) —E +(l ‘° + “ ) v '“' 


• •(*) 


Witt 

1 dx ^ dy ^ 3«e 


and 
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(, C +A*) U % -l Uf- u) V‘S.+ ~{(e,+M)U-i} 


* 3«, i 8o . i 3w . „ 

with 9 t *+ » J - o. 

’ dx dy dz 

d~6 

Ifthcic be a velocity potential <j> such that u l =^,ir,= 
the equations in (2) are modified to 




,/at>, \_ 

A d\^dj>J 


(p a +xx)U^ 
with v a ^ =*o 
provided 


Zw v / 0w, , 3«i\_3^ 


/’■={(po+A 0 f/ - 28 } 


8 * 

dy * 8* 


• • U) 


• • (5) 


"(3«) 


(3) may be put in the form 

(!*,,+ «)7%-{(*«,,+**)y »if? 1 

f ' A |(n 0 r.u)C/-J«) 

rn 

(l*.+e*)v'».-{ (*,+«)£/-«} a + e 8 i=o 

+ e») V“«>,— { (p.+**)£/— e} 9 "* +e|» -« 
with0«»o. 


Since the vortex lines must be circles having the axis of x as a 
cot »ion axis, we may assume 

4-o,v- - and? « & , ' (6) 
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dWf dV 2 du 2 
dj> ~ dz ,r) ^ 3 Z 
necessary modifications we get 


Using i 


-;“ a - and t, 
° • 3 * 3 


tv 2 3 », , - 

-- -~zz and after 
dx dy 


[(^+ev)7 3 -{(p 0 +^)U-e) -87 J w*-xU ^ -*£/ g!' 1 

[(l*o4^)V J -{(Po+^) i/ -f| 8 9 je ]C = -E7 5, i'2+^^ ^ +At/ |^j ^ 


Again, since 0 a =o, 




and M - 3 ’ 

3 j» ax 


7^8 


, we get (7) 

to be [(*,+«) v* - { (/>.+«)U - * ) JJ i--A{/& -Al/j 

[(M*0V- j(p.+ «)£/ 5 j 


3 u 

a* 1 


>• *( 7 a) 


since |=o. 


(7a) may again be simplified to the form 

[(iVi «)V J - {(/>. **)U-2e}i-x£/],-AU t 

[ mv ‘- jh+M)P— ac/(5 


( 7 b) 


From 7(6) we get 

[(IVH*)^- J(p.+X*)U-2eJ| i - Aujx^AUfo-f^) 

r At/i.... ( 8 ) 

an additive function of x be ng obviously irrelevant 


Turning back to (3a) we have 

{(c.+A*)t/-e}? 5 -( tlo +M) 7 ^+«|* 
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orf(p +il)(/-28|®-'=. |1 +C1 8X + 8X -2f 8X 
( vr 1 J3x dy ay 


0l *r= p +XX)U-2 E dX \W 

. i * U +fc* IX , 

so that v t n — \l 

1 p +a* V w a y 


"M# , 3r) -i dx 

9x1^ ttx ayj p r ArV 28 ay 


j ** -Hr ax^ 
J { p + \X f —28}^ 

-28 f ^dx 

) p -\W U —-1 3 ? 


» i ft +ex 3X^, r f |t-f8X ox 

And w, , , — + \( \ (l , * 

p f AX f -28 3 '{ p \\\)l —28; 0J 1 


p hax £ 28 aj 


Now we have to dctci mine X to find u jo and u 2 I rom 8 we 
get 

[(l*o+6^) ^ S -{(P +Ax)f -2 l( 3 S Jx 

[(it le*)v -j(p hAx)f —2tj g 3 Jv-a£ ^ , by (ifl) 

=ku\{( p + xx)U-*} d +\l L], b> (5) (TO) 

L 9\ 9\J 

Turning to the solution of ih< ibove equition wc observe that since 
the problem is one of ptcfeiential motion ilong the axis of x wc arc 
justified in considering the solution of vV 0 ln the form^ R S where 
R is a function of x only and 6 that of to an l <|) only where <*> «• yV+v* 

and tan <J> , so that from ° wc 8 ct ^ Vi «S—o where 

gJ gi 

V J = .-I— This is satisfied if we wnte 

a y^dz 

J|D 

kR—o and Vi S -f-A6 ■= o where k is an ai bitrary constant These 
give R-c^ 1 ** \-ctf ‘ /kx i Cj and c 2 bung arbitraly constants, and 

4(41 p,- 
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or coal ^ ifi - h . 

In the differential equation (io) put x = F £ where V is a function 
of x only, so that 

[(i*.+«) vM(/>o t A<)^-«}, 3 r ] [ (*,+«*) 

—((p,+Ax) W—98} J^-\UV ji 
Further simp ification leads to 

(l^c + 8<)^ A r-2(p 0 + e A){(Po+^)t 7 -3e)^r- 

[ 2e*j» + qx£f(|i +fx)-!(p 0 +At)t/ 2e){(p 0 + xv)I 7 — 3 e} Yfc 
-i"[ :2 ^(l x o+ EAf )i(/^ +Ax)f/-3 e) \-*kU{( Po \kx)U— ae}jjj 

+ [** (lV+ e A) 2 1 ^Af/(p +6t)4-fcA{(p 28 }Jf 

- xu[xU d *-k{(p +xx)U-*b}r\ . . (,!) 

Putting p 0 +CAr=M 1 ,p ( /b-p 1 ,x/c-x l> p 0 /e-p 1 and thus Pi+Xx^-Pi 
-AxPi+A.Jfi-Pa+AiJf, (say) ,in (ii) wc get 

*i^ 4 -a* 1 {A 1 Wr 1 + {p 1 U- 3j}^rr 

+[(Xi J £/ 2 -2A)* 1 *+x t r/(2p a f/~5-s)x 1 +p 2 2 f7 J - 5p,£/+6 

+ 2 *!-f a,£/ (*tf-« i]^ 

+ * [^ 1 >+2X 1 £/t 1 +(p 1 f -a^F-AjC/fAxfy^-AIXif/x+^-a)}^] 

-A* 1 (say) . . . j 9 ) 


First let us solve 
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- a «i ( A > £, '‘>+ 3 ) \% 

+ \WU*- 2 k X X 1 ~ 2 \ X U fri - 4 )^ \-{Pi T l ~2 (^- 3 )}^ 

2 u*+K pfli— 2 ) 

-f-A jfar 1 J -f-2Xi£ *1 +■ 2 ) J^*0 • (13) 

or D X V =~o , where D t Stands for the operatoi of V 
Construct an expression of the form 

fT- is c n v + « 

im 

D X W -2f 0 fa(a—i)^a-2jfa—3)— 2 (a—2)(Pi( —3; 

±{p % U-2)( Pt b- s)}*« 

(— 2 \ x l (a-1 (a— 2) t — i)(o-r 

+ 2 X x U{p % U- 2 )} 

\ *“[0(0-1 )(\ l *l*-2k) I ia(x 1 J C/-+A p 2 £/- 3 ) 

+*** 1 (a 4-1) I AV* J 
ut/r =\iU*-2k,f i = a(x 1 a P-+A patZ-3) and A A p^tf-a), 

so that 

J i^-CoFa(a- I )(a-Pa f )(« M—p a r ^*i® J —a 3 (a+i — p a tf)V“ l 
+Ui «(« I )+A«+/»}'i a( -f 2^1 f (« f OV** 1 
c,[(a+i)a(a+i-pjf )(a+a-p J / )* 1 a " l -ax 1 f (a+i^a \ 

2-pi^)*i a +{/i(a Hijo+Zi «4 0 l/sK a+l 

i- 2k\ 1 b(a+2)x 1 a * i y&xf* J 

«t[(afa)(a+0(a fa—pt£/)(a I 3—p/ 7 **— 2 *i r {a+ 2 )*(a 

-Pi +f /i(« +■ 2) (a+1) +/ (0+2) \ AIV*' 

I a*x 1 i;(a4-*)*i <m r/ V* 3 

c «[(°+3)(®+aj(* f-3 -p*f/)(0H 4~Pif )*i* +, -2\if la-HO^a 4 - 
-HV)*?* H/i(«+3)(«+a) 4y«(«+?) */>*«■" 

-1-^Avjf (a l-4)jf 1 a+ M A'*"* 5 ] 
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-f- 4- . . • -4* • • -f- • • • 4- • ■• + 

4 -r«-i[( a 4 -n — *)(o 4 n— 3) (o+n—2 — p% T )(o +-«—1— P2 1 ’)x 1 a * n ~‘ i — 2\ X V 
(a+n—2)*(a+n-1 -p a U)x 1 a + n ~ i -h{fi(<*-hn—'a)(a-hi-3) !./*(«+*—2) 

+J 3 }x 1 a + n ~ i f-aJUif a+n-i)xf***+k*x l am ] 
+f«.ir(a+«~ 0 ^+«- 2 /(« 1— H l ){*+n—p 2 U)x 1 a+n -*—2\ l U 

(o+n —i) J (o f n-piU Af 1 <,+rt " 2 +{/ 1 (a+n-i) a \ n— 2) f/ a a+«-ij+/,} 

*,« +2/tx! U{ a 4-»)*i a+w 4-*V* +n+1 ] 
+p«[(a+»)(o+«--0(a+»-/> a ^)(a 1 »+i p//)* 1 a+,l " , -aA 1 tf(a+ii) 1 

(a+«4-i-p 2 f/)* 1 ' r+ "" 1 +{/x(o+«)( a t-« 04-/ s (a+i0 

(a+n+iK* f ” fl +*V* +n+2 ] 

+ c n+i[( a + ;I + I )( ct 4«K a V n f 1 -Pi^){a+n-\-2—p l U)x 1 a+n ' ml -2^(7 
(a+n+i) a (a \-n+ 2 -p i U)x x a4n +{f x (a+n-\-i)(a-\-n)+J 2 {a+n-\-i)+J z } 

^a+n+i ^2kx. 1 U(a-\-ti M)*i rt+ ” +2 * w+s ] 

+ t rt+8r( a- f~ w + 2 )( a- l -n ‘l“^H a + n + 2 — PiJ~ ) ( a + n + 3 -Plt T ) x i a+n — SAji/ 
(o 4 ‘ w + 2 ) , (®+«+ 3 —P2^) t 'i <t+n+1 H./i ( a 4 n 4 _2 )(® f n +i) - h/i(°+»+ 2 ) 

+ J »\* i a + n f: ■+a*A 1 ( J (a M + 3) V“ " ' 3 4 -A V fn+4 ] 
4- • • • 4- • • • t • • • 4- • • • 4- • • • 4* 

Thus D X W c 0 a(a — i)(a—p 2 U (a+i -p 2 U)h a ~ 2 provided that 

(i) (a +1)0(0 +1 —p t U )(a f 2 -p 2 U) Cl -2k x tfa^a+i —ptU )^- o 
or (o-M)(a \-i—p 2 U)c x - 2 \ x Uac Q =*o i ifa+l-Jipji 

(**') (o+2)(o + i)(a+2-p a l/)(a+3 -Pa^fg-^^A'of 0 * 

(a+ 2 -p a U)c t +{/,o (o— 1 ) +/,o 4 f t }c 0 - o 

(«*’) (o t- 3 )(«+ 2 )( a + 3 -^a t/ )(° t h 4 — PiU) c i~"*\\U{a } 2)* 

(o +3 — Pa U)c 2 +^fx(a4- 1 ) 0 4/s(« I- 1 ) 4-,/aKi-MArAji/(a r 1 )£<> - 0 

(«0 (a+n+2)(a+«+0(af«+ 2 ~Pi^) a f n f3-p»tfK + *-2A,t/ 
(a+«-j- 1 )*(a+« 4-2— Ptl f )c ni , f- / / 1 (a4-n) '«4-«— 0 4-^(o4-n)4-/*/<?« 

4 - 2 *A 1 tf(o 4 -fl)c n _ 1 4 -A%_ 9 - 0 , for»^ 2 . 

Assuming that t,,+ A -> / as «-*• 00 , we have / —o from the above 
c n 

expression. This shows that the series thus obtained will be abso¬ 
lutely and uniformly convergent for all values of x v 
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Now our indical equation is o(a— i)(a— pflJ)(a-\-\— pflj) _- 0 . 


which gives a --= i ,0 pfjtkpfl— i. 

Case (t). If p g f/isnot an integer, the four solutions arc 


and 


« P ,r-i 


Case (it). If p x U~ 0 ,i, or any other integer, the solutions may be modi¬ 
fied according to the method of Frobenius. 

Now we have to find the Particular Intcgial of (12). 


Here 


A 


Vi" V," 

v” v: 


1 

Vs 


VV 
V . 


v V 

*3 1 4 

V” 

>y 

V 4 


Vf 

V* 

V’ 


fA,ff#i+tp*f/-3) , 

J x i 1 

and its value is ce =cxf{p i U -3) r Xl U a x , ..( being a constant. 

Let A r be the minor of V r '" for r= 1, 2, 3 & 4. Then the Paiticular 

■> 

Integral ,3) is given by 

r T/ r J *^A 


The expression within the Integral is of the form 

xj 1 e yx \ dx x and this can be solved. 

Thus we get the solution of (12) to be 

* - f - f**iA r t 
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Hcncc a complete solution of the problem under cnmderat on can 
be found 

My ^tateful thinks arc due to Prof A C Ilanerji under whom 
I have woikcd out this problem 

Refnence r 

(i) [ amh Hylr lynamic btf Ldn i932 $4 

^ 2) Loc ut § It) l 

(j) Fois>th A treatise m Differential Lquati rr s 4 th 1 dn § 7 j 
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HUMUS AND COAL AS MANURES 

By 

\ R Dh \r 

Manuring with Nitrogen Rich Compounds and Loss of 

Nitrogen 

Fiom ancient times run d n jttu 1 k< bl< id fish bone meal, 
tankage, wool residues, meat icskUhs gumd human cxcieta etc 
has been used as manure, but tlu mechanism <f their action has 
been cleared up only m lcnnt yt i Tlu r nbon mtiogen ratio 
of these substances is less thin 10 md wl tn tint uc mixed witl 
soil, the carbonaceous lompoui d md the pi < tans ire oxidized 
with the liberation of caibondicMcU and imnum which in its 
turn is further oxidised to nitrite ind nitrite which is the chief plant 
iood material The above mentioned substtnees are known to be 
furly quick acting minures m ciop pioduction Rcsenchcs earned 
on in the Allahabad University h tve cst tbhshcd th it when mtioj cnous 
fertilizers are added to the soil, i good dul is wasted as nitrogen gas 
without benefit to the ciop or soil When 100 lbs of ammonium 
sulphate are added per acre of land undu cultivation about 40 lbs 
are available to the crop, but 60 lbs are wasted as nitrogen gas under 
ordinary conditions of cultivation In our iccent experiments the 
following results have been obtained with difieicnt nitrogenous sub* 
stances 
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Substances 
mixed with 
soil 

1 

Pi nod ot 

Loss of rutio 
gen % 

Pcicentage loss ot 
. ofmtiogen inun't 
1 time (per month) 

exposuie 

1 

1 lght 

D«k 

1 

Light 

i 

1 Dak 

(1) Ammomuir 
Sulphate 

2 nontli 

55 ) 

43 2 

r 8 1 

21 i 

( 2 ) Ammoniun 
Phosphate 


67 5 

58 4 

55 8 

29 2 

( 3 ) Ammonium 
Nitrate 


28 9 

21 0 

14 5 

10 5 

( 4 ) Ammo nun 
Tartrate 


r 6 

38 3 

23 8 

19 2 

( 5 ) Ammonium 
Oxalate 


ib b 

28 6 

18 4 

14 5 

(6) Ammonium 
Citrate 

4 J months 

69 3 

->4 8 

22 1 

12 2 

( 7 ) Urea 

5 } months 

17 4 

4> 1 

10 5 

7 8 

(8) Hippuiu 

Acid 

4* , 

12 4 

21 2 

1 9 1 

5 2 

( 9 ) Gelatine 

4 } 

M) 1 

23 2 

8 9 

5 2 

( 10 ) Oil-Cake 

54 

55 9 

| 29 0 

b 0 

5 3 

( 11 ) Blood | 

b „ 

54 1 

| 48 7 

1 9 0 

8 1 


The amount of nitrogen initially piesuit in tlie above nitiogcn* 
ous compounds varied from about 0 25 gram to 0 5 gram in 100 
grams oi soil. Moreovci, with such manures acidity is produced. 
With ammonium nitrate better result is expected and obtained be* 
cause half of the nitrogen is m the form of nitrate and hence the 
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loss is less than with ammonium sulphate. With ammonium nit¬ 
rate no acidic residue is added to the soil permanently as the nitrate 
ion is either absorbed b\ the plant oi Icaihed away in the under 
ground soil. With sodium oi potassium nitrate certainh better ie- 
sults aie expected but when the (arbonareous substance in the soil 
is large , there is alwass the possibility of the fmmation of nit¬ 
rite and perhaps ammonium salt and thus loss of nitrogen as nit¬ 
rous acid and nitrogen gas specially m at id soils and there is 
considerable leaching with nitiates. Heme these inorganie feitilizers 
although they aie quit k-attil g : rd ic.ulily a\ailahle in our industrial 
civilisation, do not enritli tic soil permanently as theio is haidly 
an) addition of humus with smh feitili/tis. The gicat advantage 
with sut h fertilizers is that 11.c\ c: n be added to the glowing ctop 
or as a top-dressing mattiial and no time interval is needed between 
the addition of the feilili/.ei and ll e sowii g ol the crop. The dis¬ 
advantages are (1) much loss ol nitiogcn m the gaseous state speci¬ 
ally with ammonium compounds ^ 2 ) the pioduciion of acidity ( 3 ) 
leaching ( 4 ) no humus addition ( 5 j and specially in our soil W'hich 
is on the alkaline side, there is the possibility ol a loss as ammonia 
gas. 

Fixation of Atmospheric Nitrogen in Soil and Formation 

of Humus 

For over twenty-five yeais we have been utilising diffeicnt energy 
producing materials in enriching the soil from the nitrogen point of 
view. We have tried all the sugars and observed that when they 
arc mixed with soil, they aie oxidised finally into carbondioxide 
and water with the liberation of energy which is utilised in fixing 
the nitrogen of the air on the soil surface. If the system is illumina¬ 
ted by sunlight or artificial light, the light is absorbed by the system 
and the nitrogen fixation is greatly increased. This utilisation of 
light in enriching the soil takes place under natural conditions all 
over the world and appears to be next in importance to photo¬ 
synthesis in plants. We have utilised all sugars, starch, glycerol, 
filterpaper, lignin, butter, melted and clarified butter known as 
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in India, and found that all these materials though free from nit¬ 
rogen undergo oxidation in soil in presence and absence of sun* 
light. In all these cases the nitrogen addition to the soil takes place 
without the addition of ni Oogenous manuies. We have also observed 
that molasses, press mud, plant-iesidues, leaves, farm-)aid manure, 
cow-dung, straw, saw-dust etc. with carbon/nitrogen ratio varying 
from 100 to 15 rot only add the nitrogen they contain but fix atmos¬ 
pheric nitrogen as well. The fixation of nifiogen is greater, the greater 
the carbon/nitiogcn latio of tl e energy material. In this process also 
sunlight or artificial light is utilised in inocasiig the nitiogen status. 
Marked fixation also takes place under sterile conditions. 

It is interesting to rote that greater nitrogen fixation is observed 
with wheat straw than Neem leaf (Mafia Azadiractta I .ha). Cow- 
dung comes tl'iid in ordci, 0 c efficiency of nitiogen fixation (cmount 
of nitrogen fixed per gram of carbon oxidized) being 24.8 with wheal 
straw, 21.5 with Neem leaf, 20.5 with cowdung in sunlight. In the 
dark the efficiency is less than half. This behaviour can Le ex¬ 
plained from the difference in their carbon-nitiegcn iat'0. 

The carbon-nitrogen ratio of the materials aic recorded be¬ 
low :— 

Substances Total Carbon% Total Nitrogen®,', C/N ratio 


(1) Cowdung 

8.06 

0.414 


19.44 

9.37 

0.422 


22.20 


6.52 

0.362 


18.00 




Mean 

19.88 

(2) Neem leaf. 

21.31 

0.670 


31.8 

(Melia Aza¬ 

18.57 

0.654 


28.4 

diractta 

Lina). 

17.98 

0.642 


28.0 



Mean 

29.4 


(3) Wheat 

38.06 

0.5742 


66.3 

straw 

38.06 

0.5707 

Mean 

66.6 

66.45 
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It is dear that the greater the carbon-nitiogematioofthc material, 
the greater is the efficiency of fixation of nitrogen. 

On the application of faimyard manure in Rothuimtcd foi 
a number cf >eats the srd nitiogcn which was oiiginall) 0.122% 
rose to 0.236% bom 1842 to 1911. Repeated additions of ammonium 
sulphate or ‘utliim ritiatc ilid rot impro\e the nitiogen Matus of 
soils at all. Similar icsulfs as iccordcd below were obtained by us 
at Allahabad. theic is n'oic nitiogen in the soil covered 

with grass than when theic is no glass cosei : 


Soils 

Tc t.d C\, Total X% M4 3 -N% 

NO, N% 

(1) Not covered with 

grass. 

0 580 

0.0388 0.0024 

0.0012 

* 

(2) Covered w ith gi.n-s 

o o.v; 

0.(080 0.0039 

0.0021 

lbi 6 months 

1) 0')8 

0.(050 0.0039 

0.0029 

(3) Covered with grass 

for the w he le ) oai. 

0 700 

0.0780 0 0051 

0.0025 

ljt is interesting to 

note that the 

j cuent.ige oi inliogcii 

in thciields 


rosefrom 0.0386to0 U?4aitci ll < lust application of cowdung and to 
0.1517% on the second addition and to 0.2000% after the third 
application oi towdung. The corresponding results with Neem leaf 
are as follows : - 

Original nitiogcn content . 0.0386% 

After first application . • 0.0628% 

After second application •• •• • 0.0815% 

After third appUcatipn .' 0.1021% 

The foregoing • results show conclusisdy that repeated appli¬ 
cation of cow dung and neem leaf much the soil markedly by , ncrea i 
sing its nitrogen content and humus In fixation o( nitrogen and re¬ 
taining the added nitrogen as well, i.e., the nitiogen ol the materials 
added. 


It is estimated that 35 billion kilograms, i.e., 34750 million tons 
of cellulose containing 13750 million tons of carbon are added every 
year to the earth, from our experiments we find that 40 % of the 
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carbon is oxidised in our climatic conditions in four or live months 
and even if the same amount be taken to be oxidised on the surface 
of the eaith in the whole year , it would mean that 5500 million 
tons of carbon arc oxidised e\ei) year. On a moderate estimate of 
15 mgms. nitiogen fixation pei gm. ofcaibon oxidised in sunlight about 
82.5 million metiic tons of nitrogen are added to the earth by fixa¬ 
tion provided 40 % of the carbon added is oxidised. We can conclude 
that out of total 82.5 million tons at least 50%, i.e., 41.25 million 
tons of nitrogen are fixed in soils by absorption of solar light. The 
total output of nitrogen fixed s> nthetically in the factories of the 
world in 1937 was 3.54 million tons, i.e., l/12th. of what is obtained 
by fixation under natural conditions by the utilization of sunlight. 

It is interesting to note that although the velocity of oxidation 
of organic matter in steiile condition is smaller than in unsterile con¬ 
ditions, the efficiency of nitiogen fixation in sterile conditions is of the 
same order as that obtained in the unsterile experiments as x is clear 
from the following data :— 


Condition 

1 

! *c 

i y 

1 s 

- .2 

' 

1 a 

£ 

Pei iod of expo¬ 
sure (Months/ 

1 - 

Carbon oxidized 0 r 
during the whole 
period 

Carbon oxidized 0 0 
during one month 

Amount nitrogen- 
fixed in mgm. per 
lOOgms of soil 

Efficiency in sun¬ 
light 

Unsterile 

Cowdung 

4 

-i 

0.475 

1 

0.119 

9.8 


Steri'e 

Cowdung 

4 

0.303 


4.6 

15.2 

Unsterile 

, Neem leaf 

4 

0.402 


9.1 

22.6 

Sterile 

i 

Neem leaf 

4 

0.221 j 


• 2.8 

17.2 

Unsterile 

Wheat straw 1 

1 12 

0.605 


14.2 

23.8 

Sterile 

Wheat straw 

_1 

12 

0.319 


5.5 

17.4 
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Influence of Light on Nitrogen Fixation by Asotobacter 
in Presence of Calcium Carbonate 


In 1941 Dhar and Srshachaiy ulu ^Piot. National Academy 
of Sciences, India 1941, 11, 97) icpoitcd the fixation of 11.75 milli¬ 
grams of nitrogen in light and 18.5 milligrams in the daik in 100 
cc of mannitol in tap water containing 2 grams mannitol, 0.02 
grm dipotassinm hydrogen phosphate and 1 gram calcium carbonate 
containing a pure cultuic ol Azotobiutei after exponne for sixty-thiee 
days to sunlight and a comparative set to\acd with black cloth. 
At that time the carbon remaining unacted upon was not estimated 
and hence the efficiency,i.e., the amount ol nitrogen fixed per gram 
of carbon oxidised could not be dcteimined. Recently Dhai and 
Ghildyal have extended these cxpeiiments and ha\e obtained the 
following results using the same medium aftei innoculating with an 
Azotobacter culture :— 

After 6 month's exposure in April to September 1949. 
500 cc containing the abo\c materials and Azotobacter were used 
in these experiments 

LIGHT DARK 


Carbon oxidised 1.3 giam. 

Nitrogen fixed- 20.8 milligiams. 

Efficiency —16 milligiams. 
per gram of carbon 
oxidised. 

After 65 days’ exposuic 
January 1950. 

LIGHT 

Carbon oxidised- 2.02 giams 
Nitrogen fixed—25 milligrams. 


Carbon oxidised - 1.4 giam. 

Nitrogen fixed 17.5 mgms. 

Efficiency -12.5 mgnv*. 
per gram of caibon 
oxidised. 

id Nos ember, Der ember 1949 and 

DARK 

Carbon oxidised 2.17 grams. 
Nitiogen fixed—24 milligrams. 
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Efficiency per —12.4 milligrams. 

gram of carbon 

oxidised. 


Carbon oxidised—2.174 grams. 

Nitrogen fixed -19.75 mgms 

Efficiency - 9 mgms per gram 
of carbon oxidised. 


Efficiency per—1 lmilligrams. 

gram of carbon 

oxidised. 

December 1949 and 

DARK 

Carbon oxidised—2.011 grams. 

Nitrogen fixed— 16 milligrams. 

Efficiency—7.9 mgms per gram 
of carbon oxidised. 


After 110 days’ exposure in November, 
January and February 1950. 

LIGHT 


In the last two sets of experiment, the carbon added as manni¬ 
tol was 3.054 gms but the whole was not oxidised even in 110 days. 

It is clear, therefore, that the efficiency of nitrogen fixation in 
presence of calcium carbonate with a culture of Azotobacter fed with 
mannitol is appreciably greater in light than in the dark due to the 
absorption of light by calcium carbonate although the carbon oxi¬ 
dized in two cases is slightly less in light than in the dark. 

Humus in composts is less than in direct addition of plant 
materials to soil without composting. 

The composts prepared accoiding to the Indore method contain 
about 0.9 % nitrogen and about 13% carbon and potash, phosphate 
and other minerals. In other words, if one ton of such a compost 
is added per acre of land, wc arc adding approximately 18 lbs of 
nitrogen and about 220 lbs of carbon as humus and some potash, 
phosphate and other minerals. A part of the nitrogen of the compost 
is actually available to the crop. One ton of such compost per acre 
does not provide the adequate quantity of nitrogen for a good crop 
yield. On the other hand , if one ton of wheat straw containing 
0.6 % nitrogen is added to the soil before composting it adds 13 
lbs of nitrogen and 1000 lbs of carbon* A good deal of this carbon 
is oxidised in three or four months. This may lead to the fixa- 



Humus and Coal as Manures 


9 


tion of about 20 lbs of additional nitrogen Hence, 1 ton of unde¬ 
composed wheat straw adds to the soil almost double the nitrogen 
and humus obtained with the composted material But m this case 
a time interval should be given between the addition of straw and the 
growing of a crop 

In other words, a new method of manuring land with carbohy¬ 
drates, celluloses, lignins or any energy material with a carbon/nit 
rogen ratio much greater than 10 has been developed So iir materials 
with carbon nitrogen ratio greater than 10 were allowed to ferment and 
undergo oxidation as in composting, and when the carbohydrates 
and other energy materials weie partially oxidised and the carbon/ 
nitrogen ratio of the materials approached 10, the product was used 
as a compost m top-dressing in cultivation But we have been 
able to establish that all energy materials when added to the soil 
enrich it from the humus and nitrogen point of view and in this 
process the energy of oxidation as well as sol*r light is utilised 
for soil improvement, by fixing the nitrogen of air and this is the 
chief source of soil nitrogen all over the world 

With substances like urea, blood, guano, gelatine, wool-re¬ 
sidue etc , the carbon/nitrogen ratio being less than 10, favourable 
effect to crop production is observed when the crops are grown within 
two or three weeks after the addition of such manures With these 
manures also there is a marked loss of nitrogen m the gaseous state 
although there is the formation of a certain amount of humus de¬ 
pending on the carbon/nitrogen ratio of the manure The greater 
the carbon /nitrogen ratio of the starting materials the greater is 
the production of humus and greater is the residual effect 

Oil-cake should be cheap m tropical countries and should prove 
to be a good manure as the carbon-nitrogen ratio of most oil-cakes 
is of the order 10 1, **, the composition is practically the same as 
that of soil humus, but the difficulty of the oil-cake m that the oils 
present in such cakes are oxidised in the soil with great difficulty 
It seems that they form oleates, palmitates, stearates of calcium, iron, 
aluminium etc which are very sparingly soluble in water and are 
A 49—1-2 



10 


N. R. Dhar 


not readily oxidised. Since the carbon/nitrogen ratio is practically 
that of soil humus and because the oil-cakes it move the alkalinity 
of our soils which are on the alkaline side as in the north of India, 
they should be extensively used in this country provided the price 
is not too high. They contain 5—7% nitrogen and can readily fix 
nitrogen when mixed with cither molasses or plant leaf. 

Humus Formation with Soluble Carbohydrates) Glycerol 

and Fats. 

Molasses, press-cakes and other waste materials of sugar industry 
can fix nitrogen leadily in our soils within a month or so. With 
alkali soils they are specially beneficial. Although there is no cel¬ 
lulose or lignin in such materials but there is appreciable humus 
formation and residual effect because of the formation of unstable 
compounds containing carbohydrates and proteins. The proteins 
are formed by nitrogen fixation either through the intervention of 
micro-organisms or from physico-chemical agencies. The generally 
accepted view is that humus consists chiefly of ligno-proteins but 
the humus obtained from molasses is a good source of nitrogen to 
crops and creates residual effect in soils, specially marked in paddy 
cultivation. In the animal body the whole of the carbohydrate in¬ 
gested is not oxidised but a part is preserved as glycogen. It is worth 
while examining whether the glycogen is in combination with the 
body or food protein or not. We have frequently observed that when 
molasses is added to our soils neutral or alkaline either in fields 
or in dishes the C/N ratio which after the addition of molasses may be 
very high but it tends to become 10:1 in course of time showing 
the formation of humus in such soils. Similarly when glycerol or any 
other carbohydrate or fats are added, the carbon/nitrogen ratio 
converges to 10:1 in time, although, the quantities of carbon and 
nitrogen present are greater than those in the original soil. Hence 
humus formation is possible with carbohydrates, glycerol, fats etc. as 
with cellulosic materials, lignins, cotton-wool, filter-paper, leaves 
etc. 
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No Decrease in Available soil Nitrogen on Addition of Sugars, 
Starch and Glycerol to Tropical soil. 

The most important point with soluble carbohydiatcs, gly¬ 
cerol and starch as manures in tropical soil is that the a\ailablc 
nitrogen goes on increasing from the veiy beginning, the ammo- 
niacal nitrogen goes On increasing steadily, the nitrate nitrogen never 
goes down, remains stationary for some time, but increases later 
on. This behaviour of soluble carbohydrate manuring in our 
country is in marked <ontiast to the existing literature in Europe and 
in Hawai where matked fall of nitiic nitrogen has been observed on 
the addition of sugar to soil. With cellulosic or ligno-cellulosic 
materials and fats in tropics theie is an initial fall of ammoniacal 
and nitric nitrogen. The manuring value of soluble carbohydrates 
is much quicker than with celluloses, lignins and fats, as will be evi¬ 
dent from the following tables.:— 

Plot* 4 feet X 4 feet Containing 10 kgms molasse# 

LIGHT 


Date 

nh 3 -n 

% 

; 

___ ! 

no 8 -n 

% 

13-2-1937. 
(Original soil) 

0.0006 

0.0014 

9-3-1937 

0.0012 

0.0016 

26-4-1937 

0.0016 

0.0016 

12-7-1937 

0.0028 

0.0016 

25-9-1937 

0.0019 

0.0017 


Total 

N% 

J Total 
carbon 
% 

Azotobacter per 
gm of dry soil 
in millions. 

.Total Bacteria 

1 per gm of dry 

I soil in milli- 
1 ons. 

0 0310 

0.3472 

0.9 

12.0 

0 0344 

1.7708 

12.5 

! 38.0 

i 

0.0388 

1.4136 

75.0 

245.0 

0.0456 

0.6875 

155.0 

385.0 

0 0461 

0.4728 

115.0 

305.0 


Nitrogen fixed per gram of carbon oxidised—8.9 mgm 
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DARK 


Date 

NH a -N 

% 

no 8 n 

% 

1 

Total 

N% 

-r 

Total 

carbon 

% 

8.1 
^ * CO 

ssg 

& o a 

i 1 - 5 

1W 

8?1 

nii 

H 

13-2-1937 
(Original soil) 





1.0 

13.0 

9-3-1937 



0.0328 

1.7732 


48.0 

26-4-1937 



0.0394 

■ 1 

120.0 

365.0 

12-7-1937 



0.0375 

E 1 

290.0 

615.0 

25-9-1937 

0.0013 


0.0388 

0.4468 

315.0 

645.0 


Nitrogen fixed per gram of carbon oxidised—3.56 ffgm. 

1 Kilogram of soil plus 20 grams of filter paper 

LIGHT 


Date 

i 

NHa-N 

% 

1 

NO.-N 

% 

Total 

N% 

1_ 

Total 

carbon% 

Moisture 

% 

Azotobacter per 
gm of dry soil 
in millions. 

30-10-1936 
(Original soil) 




0.567 

2.2 

2.4 

22-12-1936* 




f ** 

3.8 

3.7 

20-1-1937. 




• a * 

3.1 

7.7 

20-$-1937. 





3.0 

• 12.5 
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Date 

nh 8 n% 

! 

! 

NO.-N 

% 

1 

Total 

N% 

Total 

carbon% 

1 

Moisture 

% 

Azolobacter per 
gm of dry soil 
in millions. 

7-5-1937. 



! 0.0664 


3.5 

20.5 

7-6-1937, 




... 

3.1 

27.2 

8-7-1937. 



0.0666 

0.7012 

. 

... 

18.0 

13-9-1937. 




0.6704 

9 « • 

12.0 


Nitrogen fixed per gram of carbon oxidised—18.1 mgm(Calculated) 

1 Kilogram of soil plus 20 gmi filter paper. 

DARK 


1 






tzt 

Ut « CO 

Date 

NH S N% 

NO.-N 

% 

Total 

N% 

Total 

carbon% 

1 

Moisture 

% 

Azotobacta 
gm of dry 
m million 

30-10-1936 

0.0011 

0.0020 

0.0540 

0.5670 

2.2 

2.4 

(Original soil) 
22-12-9136 

0.0007 

0.0015 

0.0540 


4.8 

4.3 

20-1-1937 

0.0006 

0.0012 

0.0540 


4.2 

5.7 

20-3-1937 

0.0006 


0 0552 


4.0 

, 25.5 

7-5-1937 

| 

0.0006 


0.0567 


3.0 

60.0 

7-6-1937 

0.0006 


0.0575 



80.0 

8-7-1937 

0.0007 


0.0583 



“ 92.5 

13-9-1937 

0.0006 1 


0.0608' 

0.6486 


145.0 


Nitrogen fixed per gm of carbon oxidised 9.2 mgm (Calculated ) 
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1 Kilogram soil plus 20 gm> butter 

LIGHT 


1 

l 





Sts 

fU 

Date 

NH,N% 

NO„-N 

% 

Total 

N% 

Total 

carbon% 

Moisture 

% 







?».i 

13-10-1936 
(Original soil) 

0.0014 

0.0032 



1.8 

5.1 

14-11-1936 

0.0015 

0.0032 


1.4195 

2 6 

5.8 

15-12-1936 

0.0016 

0.0032 


1.3883 

3.1 

7.6 

13-1-1937 

0.0014 

0.0029 


1.3497 

1 3.5 

| 

9.5 

18-2-1937 




1 1.1968 

, 3 0 

12.0 

11-5-1937 






35.0 

11-9-1937 




■ 


E 

12-10-1937 





3.2 

15.6 


rfitrogen fixed per gram of carbon oxidised—10 07 mgms. 

1 Kilogram soil plus 20 grams butter. 

DARK 









Date 

NH*-N 

% 

^1 

NO.-N 

% 

Total N 

% 

Total C 

% 

Moisture 

% 

Azotobactc 
gram of 

soil in mill 

13- 10-1936 
(Original soil) 

14- 11-1936 

0.0014 

' 0.0032 

0.0570 


1.8 

5.1 

0.0014 

! 0.0032 

0 0570 

1.4564 

3.9 

6.6 


soil in millions | Jo^oootnooo*— . in millions. 
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\ 

Date 

l 

1 

NHsJN 

x>/ 

/° 

i 

1 

i 

i 

NH 8 _N 

% 

Total N 

1 % 

Total 

% 

Carbon 

Vfoisturi 

% 

Azotobacter per 
gm of dry soil 
in millions. 

15-12-1936 

, i 

0.0015 | 

1 

1 0.0030 

0.0570 

1.4278 

4.0 

8 5 

13-1-1937 

0.0002 

0.0028 

0.0570 

1 3962 

4.4 

14.6 

18-2-1937 

0.0007 

0.0021 

0.0583 

1.2854 

4.0 

20.0 

14-5-1937 

0.0006 

0.0010 

0.0591 

1.0952 

4.0 

50.0 

11-9-1937 

0.0006 

0.0900 

0.0600 

0 7456 

i 3.5 

70.0 

12-10-1937 

0.0007 

0.0009 

0.0591 

0.6036 

3.8 

58.8 


Nitrogen fixed per gram of carbon oxidised—4.22 mgm. 


Nitrogen Fixation and Humus Formation are Quicker 
a ad Greater in sandy soils than in clay soils 

When sand is used as medium, the nitrogen fixation is much gi eater 
than with soil as the nitrogen content of sand is much smaller than 
that of soil. The following results have been obtained using sand as 
a medium : 


100 gms sand with different amuonts of energy materials* 

Exposure 2 } months. 
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Substance 

%C 

Initial 

%iN 

Initial 

! 

%C 

Final 

%N 

Final 

Efficiency 
i. e. nitro¬ 
gen fixed in 
milligrams 
per gram 
of carbon 
oxidised 

Butter Light 

1.2846 



0.0164 

28.3 

„ Dark 

1.2846 

0.0101 

1.1543 

0.0122 

15,9 

Lactic Light 

1.3113 


1.0066 

0.0181 

25.3 

acid Dark 

1.3113 


1.1387 

0.0130 

14.8 

Mustard Light 

1.3099 


1.0388 

0.0221 

26.5 

oil Dark 

1.3099 


1.1634 

0.0169 

14.1 


Exposure 5 months. 


Butte, Light 

1.2846 

0 0101 

0 8540 

0.0228 

27 

„ Dark 

1.2846 

0.0101 

1.0355 

0?0138 

15 

Lactic Light 

1.3113 

0.0104 

0.7211 

0.0246 

i 24.1 

acid Dark 

1.3113 

0.0104 

0.9935 

0.0149 

14.1 

Mustard Light 

1.3099 

0.0148 

0.8086 

0.0274 

25 

oil Dark 

■‘fr.- . 

1.3099 

0.0148 

1.1114 

0.0187 | 

13 


f When soil is used instead of sand as medium w^h the above sub¬ 
stances as energy materials the efficiency of nitrogen fixation both in 
light and dark becomes much less as is evident from the following 
refults 
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100 grams soil mixed with different amounts of energy 

materials. 

Exp >sure for 4 months 


Substance 

%c 

Ini ial 

%lN 
i nii ial 

%c 

Final 

%N 

Final 

Efficiency 

Butter Light 
„ Dark 

1 

0.0410 

0 0410 

1.0752 
1.2072 

0 0445 
0.0419 

12.3 

6.2 

Lactic Light 
acid Dark 

1.3734 

1.3734 

0 0411 

0 0411 

0.9912 

1.16y3 

0.0453 

0.0423 

10.9 

5.9 

Mi-s ard Light 
o’l Dark 

1.33/4 

1.3374 

0.04(8 ' 
0.0408 

! 1.0518 
| 1.1786 

0.0443 

0.0418 

12.2 

6.4 


Exposure for 8 months 


Butter Light 
,, Dark 

1.3548 

1.3548 

0 0410 
0.0410 

0.8213 

1 C810 

0.0474 

0.0427 

12 

6.2 

Lactic Light 
acid Dark 

1.3734 

1.3734 

0.0411 

0.0411 

0.6/09 

0.9786 

0.0486 

0.0434 

10.7 

5.8 

Mustard Light 
oil Dark 

1.3374 

1 3374 

0.0408 

0.0408 

0.7933 

1.0034 

0.0473 

0.0427 

11.9 

5.9 


These results show that with sand which is more porous than 
soil the velocity of oxidation of Oiganic matter both in light and dark 
is greater than in soil. Moreovei, the total nitrogen content being 
smaller than in soil the efficiency of nitrogen fixation is greater in 
sand than in soil; a sandy soil can be more readily enriched from 
the nitrogen stand-point by the addition of organic matter than a 
clay soil, but the nitrogen fixed is lost more readily from sandy soils 
than from clay soils. 

A 49 - 1-3 
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The foregoing experimental results show that when moksses 
which is readily soluble in water and rich in carbohydrates is added 
to the soil even after a month, the ammoniacal nitrogen, total nitrogen, 
Azotobacter numbers and total bacteria increase markedly both in 
light and in the dark. The nitrate nitrogen remains stationary at 
the beginning, then it increases. At no stage in the fixation of nit¬ 
rogen on the addition of sugais, molasses, starch, glycerol etc., the 
sum of ammoniacal and nitiic nitrogen, that is available nitrogen 
goes down in our soils although the total bacterial numbers go on 
increasing markedly. This behaviour is in marked contrast to the 
observations in temperate countries where sugars, when added to the 
soils, are known to reduce the nitric nitrogen content of soils. This 
is explained from the viewpoint that the sugars supply the energy 
requirement and cell materials for the multiplication of the bacteria, 
which absorb the available nitrogen from the soil for the formation 
of microbial proteins. It appears that in our soils the soluble 
carbohydrates are oxidized much more readily than in soils of temperate 
countries and in this process marked nitiogen fixation takes place 
both in light and in dark and the available nitrogen used up for the 
formation of microbial protein is more than compensated by the 
formation of available and total nitrogen due to the fixation of atmos¬ 
pheric nitrogen. The proteirs foimedin nitrogen fixation are also 
readily oxidized to available nitrogen in cur foils. The available nit¬ 
rogen and the sugars being readily soluble in water exist in the 
aqueous solutions and also partly adsorbed on the soil surface. 

Decrease of available nitrogen with celluloses and fats al¬ 
though there is much of fixation. 

On the other hand, although, there is nitrogen fixation by 
mixinig lignin, celluloses and fats with soil as recorded above and the 
total nitrogen increases, there is no increase of ammoniacal or nitric 
nitrogen for a long'time. It appears that the available soil nitrogen 
in these cases is partially taken up by the increased number of micro 
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organisms for their microbial protein. The velocity of the oxidation of 
cellulose, lignin and fats in the soil is much smaller than with soluble 
carbohydrates and hence the fixation of nitrogen and the foimation 
of protein and available nitrogen with fats, lignins and celluloses are 
much smaller in an unit time than with soluble carbohydrates. More¬ 
over, a part of the available nitrogen may also remain adsorbed not 
o. ly on the soil surface but also on the unoxidistd fat or cellulose 
or lignin which are irsoluble in water. Hence in this latter case there 
is fall of available nitrogen, although thcic is incieascof total ritrogen. 

The foregoirg observations arc strorgly supported by the recent 
experiments of S. Mattscn and E. Koutler-Ar der « c on (Ann. Agr. Col. 
Sweden 11, 107-134, 1943) and E. Bennett (Soil Science 1949. 68, 
399) who have reported that ammonium hydroxide is strongly adsorbed 
by lignin and other organic substarces when they are mixed with 
ammonium hydroxide and a current of oxygen is passed at 25* for 
150 hours. The solution or suspension of lignin during the treat¬ 
ment became very dark. When complete methylation had preceded 
oxidation, lignin was insoluble and there was no change of colour. 
The ammoniacal nitrogen was 33% of the total nitrogen adsorbed. 
These workers have shown that a part of nitrogen adsorbed was resis¬ 
tant to the action of 72% sulphuric acid ard strong alkaline solutions. 
A relatively high percentage of nitrogen added during oxidation re¬ 
mains bound even after drastic methylation. These results throw 
considerable light on the marked stability of the nitrogen compounds 
present in coals which are formed from cellulosic and lignin matter 
present in plant materials. 

Nitrogen Fixation, humus Formation and residual 
effect of a manure* 

A few years ago, in an article in “Nature” (Vol. 151, 338, 
1943) I stated that the residual effect of a manure will depend on 
its power to fix atmcspl cric nitrogen. Such materials show resi¬ 
dual or beneficial effect to a succeeding ciop. Tins view point will 
be clear from the following consideration;— 
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When ammonium salts or nitrates are added to the soil, a bettci 
crop yield is obtained, but these materials hardly add rry humus 
which require*. both carbon and nitrogen. In such a case hardly 
any nitrogen is saved for the next crop. On the other hand, when 
urea, blood, rotten fish, wool residue, guano etc., which are nitrogen 
rich materials with a ratio of caibon/nitrogcn less than 10, are 
added to the soil, fairly rapid nitiate formation takes place and 
the crop sown after a month or so, is bert fitted. Due to the presence 
of a certain amount caibon in the compound an app.eciable 
amonnt of humus, rich in fats, protcirs and microbial cells, 
may be stored in the toil arda small icsidual tffect may be observed 
in the succeeding crop, provided the time interval between the 
sowing of the crop and the addition cf the marure is not large. If 
the time interval is large, the humus may be oxidised and the whole 
of the nitrogen may be lost. Similarly, leguminous green manures 
with a carbon/nitrogen latio of 10 to 13 actually add a large amount 
of nitrogen to the soil, and if the acidity is not large, with a time 
interval of two or three months, a better ciop may be produced. 

But the residual effect in thi« case is not likely to last long. As 
a matter of fact, no practical farmer has reported any residual effect 
with substances like blood, urea, noi even in the case of composts. 
The Rothamsted results with green manure like clover show that the 
residual effect lasts for 3 to 4 years at most. On the other hand, 
with farmyard manure with a caibon/nilrogen ratio of 20 or more, 
the residual effect is more permanent. 

In all our experiments with materials like molasses with 
a carbon/nitrogen ratio of about 40 or more, cow-dung (C/N ratio 
20), neem leaf (C/N ratio 25), wheat straw (C/N ratio 65) etc., we have 
always obtained marked fixation of nitrogen and humus formation 
both in light and in dark. Since with these materials added to the 
soil not only the humus corresponding to the originally present ritro* 
gen, but also an additional amount correspondirg to the fixed nitro* 
gen is added, it is clear that with these materials the total nitrogen 
and humus added to the soil always exceeds the nitrogen and humus 
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actually added in the manure. Specially in cold countries where the 
oxidation processes are slow and the carbon/nitrogcn ratio of the 
starting materials is high, the fall cf the carbon/nitrogen ratio in ore 
year may not be much and the carbon/nitrogen ratio may not reach 
the value 10 to 1. Hence the fixation of nitrogen and formation of 
humus may continue even in the second or third year after the addi¬ 
tion of carbonaceous compounds. Since the carbonaceous compound, 
act as a marked protein sparer in soil as in the animal body, the pro¬ 
cesses of ammonification, nitrification etc., of the protein matter are 
slowed down ard losses of nitrogen will be reduced to a mirimum due to 
the presence of the carbonaceous compounds. Therefore, in tht ^e cases 
subsequent crops will be benefitted even without the addition of any 
manure as is observed in the classical Rothamsted cxpeiimcnts and 
elsewhere. 

In composting, the aim is to save the nitrogen present in the material 
and to add it to the soil with approximately ten times its weight of 
carbon along with minerals ard microorgrrisms, that is, in the form 
of humus. But in most experiments with composting, theie is loss 
of nitrogen in addition to its being tedious and troublesome, as observ¬ 
ed by workers all over the world. 

The only difficulty in tl e direct addition of plant matcnals is that 
a time interval is needed between the addition of the caiboraccous 
substances and the sowirg of the crop. But with molasses at the rate 
of 10 tons per acre, a time interval of 5-6 weeks is quite adequate 
in our country. With cow-dung six weeks is adequate and with 
Neem leaf 6-7 weeks. But straw requires 10*12 weeks. In cold 
countries the peiiod may be about double of that in tropical regions. 
If our aim is to draw one crop every year, the addition of carbonaceous 
substances like farmyard manure or green plrnt residues at the rate of 
8-10 tons per acre should work with a time interval of about six months 
and should produce beneficial results even in temperate climates. If 
the time interval has to be minimised, a few pounds of urea, blood or 
inorganic nitrogenous manures per acre (say 20—25 lbs per acre) 
should prove effective. 



22 


N. R. Dhar 


It is interesting to note that stubble and roots that arc left in the 
fields after harvesting supply the following amounts of carbon to the 
soil per arre in pounds :— 

Oats (1877), wheat (1914), rye (1730), barley (2186), red clover 
(3833) and lucerne (4610). 

It has been reported in the dry farming sections of Nebraska 
by Russel in 1929 that an increase in available nitrogen effected by 
a legume may increase ciop growth but may cause the reduction of 
soil moisture. Ibis accounts for the tendercy of crops to “fire” 
when following alfalfa. On tbe other hand, the addition of cellulose 
rich materials may cause a deficiency of available nitrogen. A solu¬ 
tion of tbe problems consists ir supplerrerting the use of nonlegumin- 
o us materials with suitable nitrogenous fertilizers. 

Hamas liberates nitrate more slowly than ammonium s alts 

Since 1920 we have shown that a substance which is capable 
of taking up oxygen can readily retard tbe oxidation of another subs¬ 
tance when mixed with it. This is a perfectly general phenomenon 
and is applicable to reactions in vitro, in the animal body, in the plant 
as well as in the soil. More than fifty years ago physiologists observed 
the marked protein sparing capacity of carbohydrates in the animal 
body. In a number of papers we have shown that organic substances 
like molasses, sugars, cellulese cortairirg materials like leaver, phnt 
residues, fats etc. markedly retard the velocity of oxidation of proteins, 
urea, amino acids, ammonium salts etc., when added to tke roil. In 
the rapid oxidation of nitrogenous compourds there is marked loss of 
nitrogen in the gaseous state due to the formation and decomposition 
of the unstable substance, ammonium nitrite, which is an intermediate 
product in the processes ofammonification and nitrification of nitrogen¬ 
ous compounds. Hence nitrogenous compounds when mixed with 
carbonaceous compounds, as in humus undergo slower oxidat’on and 
liberate ammonia and nitrate for a lorger period for tbe benefit of 
the crop than in the absence of carbonaceous materials. Moreover, in 
the slow liberation of nitrates, the danger of leaching is less. The 
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foregoing considerations clearly explain why ammonium salts or 
nitrates do not improve the nitrogen status of soils but organic manures 
can do so and that the nitrogen content can increase pcimancntly 
only when the ritrogenous compounds are associated with carbon 
compounds. 

From times immemorial, people have used organic compounds 
farmyard marure, leaves, vegetable residues in manure heaps because 
of their nitrogen contents. We were the first to emphasise that the 
greater the carbon /nitrogen ratio of such manures the greater is the 
nitrogen fixation ard humus formation when mixed with soil. 

Humus in which the carbon/nitrogcn ratio is 10 or more can 
liberate ammonia and nitrate for a longer period and more 'lowly than 
the same amount of nitrogenous compound added to soil without 
carbonaceous compounds. 

Even to-day, crop production is caused chiefly by the nitrogen 
of the humus present in all soils, as only 3 % of the world crop pro¬ 
duction has been attributed to artificial manures. In soils of cold 
countries the humus nitrogen is usually 2500—30C01bs. per acre in 
the first 9" of the soil andout ofthis 1—2%, i.t. , 25—50 Ibsis in the form 
of ammonium salts and nitrates, i e. t available nitrogen If to this 
soil 20 lbs. of nitrogen in the foim of ammonium Julphalt or nitiatc 
are added, beneficial effect to the ciop giowth is expected. On the 
other hand, in tropical countries the total nitrogen contert in the soil 
is of the order of 1000—1200 lbs. per acre in the first 9". Eut usually 
the available nitrogen is 10 % or more in such soils. Hence the 
available nitrogen in tropical soils is nearly 100 lbs. per acre. It 
appears that the addition of 20 lbs. cf nitiogen fiem aitificial. cannot 
be as effective as in temperate climates where the available nitrogen 
already present in the soil is less. The aim cf scientific and construc¬ 
tive agriculture specially in tropics should be to increase the humus 
capital which readily gives out available nitrogen and minerals requir¬ 
ed for crop growth slowly without less danger of leaching than with 
artificial manures. 
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In forest soils all over the world the humus is greater than in arable 
mineral soils. But the liberation of ammonia and its oxidation to 
nitrate is controlled by (a) pH of the soil (b) the temperature and (c) 
the solar light. In acid forest soils the carbon/nitrogen ratio is much 
greater than 10 and hence the total nitrogen content an 1 it. availability 
is usually not high. 

Acid soils have larger and alkali soils smaller carbon/nitrogen 

ratios than normal soils 

The carbon/nitrogen ratio in certain forms of humus has been 
a puzzling phenomenon. From a study of data obtained by vatious 
workers, the conclusion was reached that the carton /nitrogen ratio 
tends to become narrower as the age of the humus increases. 

Studies by previous workers on the influence of soil treatment 
upon the ratio of humus decomposition, as measured by cartondioxide 
evolution show that the carbon oxidation slows down as the pH is 
more on the acidic side. This was also shown by Dhar and Pant in 
“Nature” (1942, 149, 84). 

When humus has a wide car bon/nitrogen ratio, as in the case in 
soils shortly after receiving large applicatiors of plant materials or 
little decomposed manure or in the ‘ F ’ layer of raw humus forest soils, 
there is still considerably greater liberation of carbon as carbondioxide 
than of nitrogen as ammonia, with the result that the carbon/nitrogen 
ratio of the humus tends to become narrower. When the initial 
ratio was 17.9—1, no nitrate was produced in a sand culture. How- 
evei, when the carbon/nitrogen ratio of the humus was 13.1—1, consi¬ 
derable nitrate wao formed. 

Work on mull soils has indicated that acids decrease the carbon 
oxidation and ammonia oxidation markedly. We have been reporting 
for a number of years that the greater the average temperature of the 
soil, the greater is the pH of the soil. This is certainly due to the fact 
that organic matter of the plant residues added to the soil in tropical 
countries is quickly oxidised leaving small amounts of humus and 
chiefly minerals in the soil. Thus, the pH of soils in Egypt and India 
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is greater than in soils of cold countries. This is a sort of auto-catalytic 
effect, as alkalis help oxidation of carbohydrates readily. On the 
other hand, in acid soils as in cold countries, for increasing oxidation, 
lime or calcium carbonate has been recommended. 

In composting in Indore it has begn found that the pH increases 
as the composting progresses and when the composting firishes, the 
pH is of the order of 7.3—7.4. It is interesting to rote that as the 
pH goes to the alkaline side the total nitrogen in humus also in¬ 
creases. 

Pero stage of nitrogen in hnmns of tropical soils is greater 
than in temperate climates 

This raises a very important issue. Although the total nitrogen 
in tropical soils is low, the percentage of nitrogen is higher than in 
humus of cold countries which arc cn the acidic side. It is clear, 
therefore, that manuring by carbohydrates and cellulosic materials 
for increasing the nitrogen status cf a soil is certainly more profitable 
in tropical or semi-tropical countries than in cold countries, not only 
because the velocity of oxidation of carbohydrate materials is slower 
in cold countries and hence the nitrogen fixation is less pronounced, 
but the nitrogen fixed will be converted into ammonia and may not 
be available to the crop because of the lack of nitrate formation. In 
cold countries it has been repeatedly obseived that the improvement 
of the nitrogen status of a soil depends on the calcium status as has 
been markedly emphasized by Hudig in Holland. 

If a large dose of lime or calcium carbonate is added, the excess 
reacts with the ammonium salts ard proteins with loss of nitrogen. 
S. K, Mukerji and N. R. Dhar observed that when large quantities 
of calcium carbonate are mixed with molasses and soil, the efficiency 
of nitrogen fixation is less than in pr< scree of small doses of calcium 
carbonate. E. V. Seshachaiyulu and N. R. Dhar found that the 
efficiency of nitrogen fixation with 2% carbohydrate and soil in pre¬ 
sence of calcium carbonate is less than in its absence. Similarly 
W, C. Pant, H, L. Nigam and N, R, Dhar showed that in the study 
A49-1-4 
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of the loss of nitrogen in the nitrification of ammonium salts, the 
smell of ammonia is obtained when 1 or 2 gms. of calcium carbonate 
are added to 100 c.c. of ammonium salt solution ard the loss of nitrogen 
is less with 1 gm of calcium carbonate. It is clear, therefore, that 
although calcium carbonate and other salts help in the coagulation of 
impervious soils, an overdose produces loss of fertility due to the loss 
Of ammonia and nitrogen in the gaseous state. 

S. C. Sen under my direction has worked with a very large 
number of soils collected from different parts of Bikar. His result 
show that when the pH values of alkal'nc soils varies fiom 9.2 to 8.6, 
the carbon/nitrogen ratio may have the low values 2.86.3.41,3.38,4.15 
etc. Sen has shown that soils collected firm Ranchi (Bihar), 
which is 3000 ft. above sea-level, have pH values ranging from 4.4 
to 5.2 and the carbon/nitrogen ratio varies fiom 11.4 to 20.3. A 
soil sample from Coonoor (Southern India) which is above 6C00 ft. 
showed a pH value of 4.8 and carbon/nitiogen ratio of 11.6, the 
total carbon being 1.72% and nitrogen 0.146%. 

In a recent article (Dhar and Pant: “ Nature ” 1942, 149, 48) 
it was concluded from the experimental results obtaired with roi's 
of different countries that acid soils have higher cai bon/nih ogen ratio 
and alkali sqils smaller carbon/nitrogen ratios than surface neutral 
toils. 

This conclusion regarding acid soils has been supported by recent 
work. Evans and Rost obtained the following results with Minnesota 
soils :— 

(1) Chernozems ; pH—6.3 ; C/N—11.4 

(2) Black prairie soils ; pH—5.4 ; C/N—11.8 

(3) Podsds^rf North Central Regions ; pH—5.4 ; C/N — 11.8 

(4) PocWols of North Eastern Regions ; pH—4.6 ; C/N—15.1 

Moreover, Nair (M. Sc. degree thesis, Travancore University 
4045) working with blackKari' soils of Travancore occurring in 
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coastal plains alongside some of the back waters and adjoining the 
Arabain sea obtained the following results :— 

pH—6.7 ;G/N—11.1 
pH—5.1 ; C/N—16.2 
pH —4.5 ; C/N —26.2 
pH-4.7 ; C/N—27.2 
pH -3.9; C/N—30.1 

Hence, the highej the acidity of the soi), the greater the carton 
nitrogen ratio, i.e., the smaller the nitrogen content of the soil. 

Peat) lignite and other varieties of coal containing hnmns 

as manures. 

As peat, lignite and other varieties of coal are believed to be form¬ 
ed chiefly from plant materials which have been used by us for manur- 
ing fields, the former materials should serve as manures also. 

The typical analysis of humic acids prepared from humic coal 
is carbon 60.5%, hydrogen 3.34%, nitrogen 2.03%, sulphur 1.44% 
and ash 1.96%. The nitrogen content of humic acid is due to the 
presence of protein associated with them. Some of the nitrogen in 
the humic acid molecule is considered to be bound cyclically, the 
nitrogen having replaced a heterocyclic oxygen atom. 

By the extraction of soil humus, humic acid preparations and 
peat, substances have been obtained which prove quite definitely the 
protein nature of nitrogen in the younger fossils. 

C. A. Weber defined peat as follow? :— 

“ Peat is an oiganic mincn'l foimed out of dead cellulose-ricb 
plants by special process of dccc mpo&ition. It is soft in its natural 
moist condition and is very rich m v, a ter. Peat contains largely the 
elements, carbon, hydrogen, oxygen and in addition varyirg amounts 
of nitrogen, sulphur and ash 

Hamas in pest, lignite and coals* 

All the peats are rich in lignin-like complexes. It is generally 
assumed that nearly all the nitrogen in peat is in an organic form and- 
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is not readily acted upon by micro-organisms in the undr aired peat 
but is acted upon very slowly when conditions are made aerobic as 
by draining. 

In addition to cellulose and pentosans various peats contain also 
hemi-cellulose and hence mannose, galactose, levulose and other pen¬ 
toses afe foimed on hydrolysis of peat with dilute hydrochloric acid. 
The carbohydrates present in peat when mixed with soil and allowed 
to oxidize partialy cause nitrogen fixation. 

During the formation of peat the woody matter becomes more 
or less disintegrated and the structure of the mateiial both physical 
and chemical is greatly altered. This piocess is chiefly biochemical, 
the major part of the disintegration beirg brought about by the action 
of micro-oiganisms and fungi. The biochemical process may cease 
with only partial decomposition of the woody texture, leaving the peat 
in such condition that lignite or woody coals are formed later. 

The second stage in the formation of coal is biought about by 
dynamo-chemical processes which greatly alter the physical and clumi- 
cal properties of the hydrated peat formed during the biochemical 
decay. A further step is brought about by the applcation of intense 
pressure often resulting from an upwaid thrust of the earth’s crust 
causing a further loss of water accompanied by liberation of carbon 
dioxide, carbon monoxide and other gases. The coal decreases in 
volume and is cemented together depending upon the temperature 
and pressure conditions thus yielding the different types of coals. 

Nitrogenous compounds in coal 

In the coalification process nmogen digitally present as amino 
or groups is converted to some other non-basic form which is 

not extracted by mineral acids. The muegen fiom younger fuels 
is r«move£ble by mineral acids. It is believed that during coalification 
the Reactive amino and imino groups which are present in the younger 
$ieb are involved in reactions with other groups such as carboxyl, 
hytfeoxyl, carbonyl and methoxyl which convert the basic groups 
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into non basic groups, the nitrogen being he 1 cl in a heterocyclic 
or else linearly linked between units of such complexity and nega¬ 
tivity that the nitrogen loses its basic properties. 

Evidence indicates that a large part of nitrogen in humic acid is 
also bound cyclically. From studies of solvent extraction, vacuum 
distilation, combustion, oxidation, hydrogenatior, halogcnation and 
hydrolysis of coals of various ranks, the nitrogen in coal can be pictured 
as being present mostly in a hetero-cyclic linkage. 

It is well known that lignin is the material which resists oxidation 
much more than other carbohydrates. Even lignin when mixed 
with soil undergoes oxidation. Peat which is rich in lignin-like 
complexes fixes nitrogen and reclaims alkali roil. Similaiiy lignite 
and brown coal should be effective for both the purposes. Bitumin¬ 
ous and anthracite coal should be less reactive. Very finely powdered 
coals of all types should be able to supply nitiates to the soil by slow 
oxidation of the hetero-cyclic and other nitiogcnous compounds and 
also fix the nitrogen of air. This must occur much more so with peat, 
dopplerite and biown coal rather than with anthracite coal. In our 
recent experiments carried on with peat, brown coal (lignite) and 
bituminous coal in a finely divided condition mixed with soil, nitrogen 
fixation is observed more in light than in dark. We have also observ¬ 
ed a marked beneficial effect of these materials on crop production 
with normal soils ar.d in the reclamation of alkali soils. 

It is believed that in composts about 8—10 % of the total nitrogen 
is in the available form and hence compost is a quick acting manure 
in comparison with coal, which is certainly more arcicnt and inert 
than the humus in most soils. But if the coal is very finely powdered 
and mixed well with the soil, it not only should impart its nitrogen 
to the soil gradually but should be able to fix atmospheric nitrogen 
in the process of its slow oxidation to carbon dioxide and this has 
actually been observed by us with bitumirous coal and lignite. Coal 
is certainly cellulosic or lignin substances mixed with protein of animal 
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and plant sources with some decompositon products from fats, barks, 
waxes, resirs but the reactive groups like carbonyl, carboxyl, hyd¬ 
roxyl, methoxyl and amino group seem to have been removed by 
the influx of time because chemical changes have taken place intra- 
moletularly or by the interaction between proteins rnd the cellulose 
and the lignins. Although coal appears to be lather dead matter in 
comparison with compost or humus of soil but there is a redeeming 
feature in cof 1 which is tl is : coal adds large quantities of carbonace¬ 
ous substances which aie less leactive tl in the caiboraccous substances 
present ir plant lesidues. And hence on the addition of coal to a soil, 
the available soil nitrogen is not likely to be converted into miciobial 
cd s as happens when cellulose, lignin or fat is added to the soil. 
Microbial cells may not use all the available nitrogen in soils but 
some pait of the available nitrogen may form chemical compounds 
or adsorption compounds with cellulose, fats or lignins and would not 
be available to the growing plants. Coal, dopplente, peat or brown 
coal being more inert than fresh plant materials will not be reacted 
upon by microoi gmisms quickly but should definitely help aeration 
and peihaps increased water retention capacity of the soil. If one 
ton of coal containing 2% nitrogen and about 75 % carbon is added 
to the soil in a finely divided condition, the followirg lcsults are 
obtamed :— 

(a) 44 lbs of total nitrogen will be added and this nitrogen 
may be available in 2 or 3 yeais ; (b) 1640 lbs of finely 
divided cat bon will be added per acie and about 1200 
lbs may be oxidised in about 2 or 3 years and this 
may lead to a fixation of about 30 lbs of nitrogen 
which will be utilised by crops. It appears, therefore, 
that coal should prove to be a moderately good nitro¬ 
genous manure specially to tropical soils when either 
added in a very fine state of division alone or mixed 
with molasses or cowdung or plant leaf, the younger 
varieties like peat, dopplcrite, brown coal should yield 
better results than anthracite. There is no doubt that 
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coals, are colloidal substances containing colloidal carbon 
peptized by large quantities of hydrocarbon like com¬ 
pounds consisting of partially deoxidised celluloses-, ligrirs 
and small quantities of proteins. It seems that a part 
of proteins has passed into other stabler forms of nitro¬ 
genous substances. 

As alkalis help oxidation, the oxidation of cellulose and lignin 
and coal when added to the soil will be more easy in tropical soils 
which have a tendency to be alkaline than in soils of temperate coun¬ 
tries which are acidic. It is clear, therefore, that the foicgoirg consi¬ 
derations are more applicable to our soils than in cold countiits where 
liming has to be taken recourse to if carbohydrate or coal manuring 
has tc be adopted. With adequate amounts of lime or chalk and coal 
extremely well pulverised, moderately good icsults should be obtained 
specially with peat and lignite and bituminous coal which art abun¬ 
dantly present in European and cold countries. When mixed with 
calcium carbonate they should not only improve the calcium 
status but should also improve the nitrogen status of soils. When this 
mixture of peat and calcium carbonate 01 coal and calcium carbonate 
is very well mixed with soil by deep cultivation and aeration of scil 
which will be aided by the large surface introduced in the form of 
finely divided coal or peat, crop production should be improved. 

The chief differences between composts or humus of the soil and 

coal are as follows : 

V (1 Coal is definitely more aged than compost. 

j(2) Tht carbon/nitrogcn ratio of coals, even the younger ones, 
is greater than that in composts although acidic composts 
or humus or composts present under acid soil conditions 
have much larger carbon/nitrogen ratio than those pre¬ 
pared in neutral or alkaline conditions. 

(3) The nitrogen present in coal is not chiefly in the protein 
condition as in composts. 
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(4) The number of micro-oiganisms in a definite weight is 
certainly larger in compost than in coal. 

• (5) The water retention capacity is less in anthracite and bitu¬ 
minous coal than in composts. 

\>) The inertness of the organic ingredients in coal is greater 
than in composts. 

These factors may be the chief reasons why coal is considered 
to be a stone and dead matter in comparison with plant residues, or 
humus present in the soil. Is there any other important criterion 
differentiating dead and living matter ? Is it possible to revive coal 
after mixing it with plant leaf,cowdung or sugar or agar or any surface- 
active substance ? 

It is gen "rally believed that the ox'disability of the products of 
photo-synthesis in the plant tissues decreases with the increase in the 
molecular weight or complexity of the molecules. The order seems 
to be as follows :— 

Formaldehyde—glucose-—canesugar—starch—cellulose—lignin. Tire 
case of protein synthesised in the plant kingdom is more complicated. 
Our experimental results show that amino acids like glycire, aspartic 
acid etc. are synthesised in the plant kingdom or in vitro by the action 
of nitrates on glycol, sugars, glycerol, organic acids etc. either by 
absorption of oxidation energy or solar energy or both aided by titania. 
These amino acids undergo polymerisation and condensation and 
form proteins. 

In carbohydrate synthesis, starch is readily detected wl en plant 
leaf free from corbohydiate is exposed to light and that is why Sachs 
concluded that starch is the first product in photosynthesis. In our 
experiments in photc-oxidation of various carbohydrates, Palit 
and Dhar observed that the oxidation of starch is slightly greatt c than 
other soluble carbohydrates. Ir our lecent experiments on the in¬ 
duced and photo-chemical oxidation of cellulose and lignin carried on 
by Dincsh Pant and Dhar, it is obscived that both the substances 
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can be oxidised very slowly by air at the ordinary tcmperatuie. The 
oxidation of starch is very much greater than either that cf cellulose 
or lignin. There is no doubt that in nature, both cellulose and lig¬ 
nin, are oxidised but much le^s readily than starch or sugars. It 
has been established in recent years that when plant materials are 
allowed to be oxidised in the soil, the soluble carbohydrates disappear 
first, then cellule sc, finally lignin, which disappears with great 
dificulty. This is the position in aerobic condition wheie oxidation 
can take place with the help cf micro-organisms and the presence 
of surface and light. In anaerobic condition it is believed that the 
same order of stability is also obei ved but the speed of disappearance 
of organic substances is smaller and acids are produced in the first stage. 

It is of interest to record here that in a recent paper Spoehr 
and M iner (Plant Physiology 1949, 24, 120) have described a method 
f jr determining the degree of reduction of the total organic matter 
of plant material fiom its elementary chemical composition. The 
degree of reduction is believed to be proportional to the heat of com¬ 
bustion and is an cxpicssion of the energy content of the material. 
With pioteins condensation with lapse of time, goes on. The fbi- 
mation of skin, hide, hoof, horn etc. is a manifestation of polymerisation 
and condensation and these material resist oxidation well. Simi¬ 
larly carbohydrate and celluloses and tanning materials can form 
barks of tn.es which also resist oxidation. It is clear, therefore, 
that when plant materials containing carbohydrates, pentosans, 
starch, cellulose, ligno-ccllulosc, lignin, bark, fats, resins, vexes, simple 
and complex proteins, are mixed with large amounts of soil, they 
undergo slow oxidation through the agencies of bacteria, fungi, 
chemical surfaces, catalysts, light etc, but the velocity of oxi¬ 
dation differs greatly depending on the natuie of the material under¬ 
going oxidation. The waxes, resins, barks etc. seem to resist oxidation 
more vigorously than even fats and lignins. Similarly the complex 
proteins also are stable. Moreover by the combination of some of 
the proteins and the lignin or cellulose or bark, humus like chemi¬ 
cal compo un ds or adsorption compounds may be formed and these 
a 49-1-5 



34 


N. R* Dhar 


not only supply ammonia and nitrate slowly but can give up potash, 
phosphate and other mineral matters slowly to the soil. 

On the other hand, under anaerobic conditions, i.e., when coals 
are formed in nature the position may be as follows :— 

Instead of carbon dioxide, as in the case of aerobic oxidation, 
methane, hydrogen, carbon monoxide are formed along with acidic 
substances. Frequently it has been observed that the acidity of the 
products of decomposition and oxidation is greater in anaerobic than 
in aerobic conditions. It is well known that the velocity of oxidation 
of carbohydrates decreases as the acidity of the system inci eases. Con¬ 
sequently the disappearance of plant materials is quicker in aerobic 
than in anaerobic conditions The acids produced in both aerobic 
and anaerobic conditions, more in latter than in former, act as preser¬ 
ver of the carbohydrate, lignin and cellulosic materials whilst they 
may help the decomposition and oxidation of protein substarces to 
the ammonia stage and a part of the ammonia may be washed out. 
Hence it has always been observed that the carbon/nitrogen ratio 
of organic substances in soils is greater in acid media than in reutral 
or alkaline condition. In the virgin prairies and steppes rich in humus, 
the carbon/nitrogcn ratio has generally been observed to be greater 
than 10 and these soils are acidic. After cultivation, the acidity falls off 
because of the oxidation of acidic substances and there is a fall 
in carbon/nitrogen ratio. Similarly the carbon/nitrogen ratio of the 
organic matter in peat, dopplciitc, etc. is of the order of 30 or 
more and these materials are distinctly acidic. It is well known that 
most of the coals are also acidic and the carbon/nitrogen ratio of the 
coals may vary from 120 to 30 depending on the conditions of coali- 
fication. It is generally accepted that the carbon/nitrogen ratio 
of the wood from which coal is obtained is greater than that of the 
coal; jn other words, the percentage of nitrogen in wood is smaller 
than that of coal. 

In the Indore method of composting under aerobic conditions 
with carbon/nitrogen ratio of starting materials varying from 130 
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to 20 the compost formed has a caibon/nitiogen ratio rangirg fr om 
17 to 12 and pH 7.2 to 7.4. If such plant materials are composted in 
anac/obic conditions, the caibon/nitrogen ratio of the mateiial formed 
is likely to be larger due to acidic conditions. In the Indore method 
of composting the tempciatuie of the heaps may go upto 80°; this not 
only kills the micro-organisms and the weed seeds but also help 
in the liberation of caibon or charcoal or graphite like substances. 

Carbon and nitrogen contents of coal 

In coal formation water is believed to play as important a part 
as high temperature and pcssuie. Water freed fiom oxygen helps 
making the conditions in peat foimation practically anaerobic and 
also help in the washing away of ammonia and other soluble compounds 
formed in the processes which consist of auto-oxidation and reduc¬ 
tion, hydrolysis and decomposition, polymerisation etc., specially under 
high pressure. It is generally believed that plant, animal and micro- 
organic substances when covered with shallow water lead to peat 
formation which is the fust step in coaliRcation In this process 
dehydration and formation of black substances resembling charcoal or 
graphite in small quantities, takes place The material produced has 
a marked tendency to adsorb moisture became of its colloidal nature. 
Pert or dopplerite perhaps resembles the black material obtained by 
the action of strong sulphuric acid on cane sugar. This material swells 
and forms a jelly readily although it does not contain any nitrogen, 
it may be considered to be something like humic acid. If protein 
substances are present or added to it, unstable chemical com¬ 
pounds between protein and this jelly arc likely to be formed as in¬ 
vestigated by Page and co-workers (J. Agric Science, 1930, 20, 
460). It seems that in the coaliRcation process the starting mateiial 
may be peat or dopplerite, which chiefly consists of humic materials 
or the “fundamental jelly” as stated by coal specialists. This jelly 
like substance in course of time loses its activity and water reten¬ 
tion capacity and chemical reactivity. Moreover, the protein matter 
originally present either as adsorption or chemical compound may 
be liberated due to the decrease of chemical affinity of the humic matter 
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and may undergo decomposition or hydrolysis or auto oxidation and 
reduction. In this process the carbon content increases and nitrogen 
status decreases chiefly due to the liberation of ammonia and its re* 
moval. This is supported by the fact that as the rank of the coal 
increases geneia'ly the carbon increases and nitrogen decreases, speci¬ 
ally in anthracite coals which arc the most ancient. This is clear 
from the following table which shows the relative composition on 
an ash*free and moisture-fiee basis :— 



Total carbon. 

Total nitrogen 

Wood . 

.49-50 %. 

.i.i % 

Peat . 

.56-57 %. 

..2.95 % 

Lignite . 

.72-79 %. 

.0.98 % 

Sub-bituminous . 

. 76 %. 

.1.47 % 

Bituminous . 

. 87 %. 


Semi-bituminous ... 

. 89.1 %. 

.1.40 % 

Semi-Anthracite 

. 92.1 %. 

.1.20 % 

Anthracite . 

. 94.4*%. 



Moreover , in coalification from peat or plant materials high 
temperature and pressure play a very important role and this helps 
in die carbonisation or formation of more charcoal or graphite like 
substances or perhaps the partial decomposition and stabilisation of the 
undecomposed nitrogenous substances. There is no doubt that the per¬ 
centage of carbonaceous or graphite like matter is greatest in anthracite 
and least in peat or dopplerite, which is more allied to the initial 
plant or animal material or both than anthracite or bituminous coal. 

< In the high ranking coals the carbon chiefly exists as charcoal 
or graphite like substances and the nitrogen as nitrides, amides and 
in the hetero-cydic condition and both the carbonaceous and nitro¬ 
genous substances can resist oxidation more markedly than those pre- 
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sent in peat or dopplerite. It is well known that plant residues, i.e. 
leaves, stems, roots, straw etc. not only add a part of the carbon 
and practically the whole of the nitrogen, they contain to the soil 
and can also manure the land by fixation of nitrogen by the partial 
oxidation of carbonaceous substances aided by light. Similarly the 
humus formed from plant residues cither in the soil or compost heaps 
is certainly not as aged and as rich in charcoal or graphite like 
substances as anthracite coal. Consequently the humus which under¬ 
goes a slower oxidation in the soil than the original plant material 
is more readily oxidised when mixed with soil than anthracite or 
bituminous coal. It is clear, therefore, that the manurial value of 
the soil humus is quicker than that of anthracite or bitumirous coal. 
It seems that the instability of a manure when mixed with soil and 
the speed of liberation of ammonia and nitrate will depend on the 
presence of chemical compounds resembling carbohydrates and 
celluloses, which are known to oxidise and liberate energy readily. 
On the other hand, when the manure is rich in charcoal or graphite 
like substances, which are more inert than carbohydrates, they are 
not likely to undergo ready oxidation in the soil. 

Soot as a manure. 

In this connection, it is interesting to note that soot obtained 
from domestic fires and industrial uses of coal is used by faimersas 
manure. The value depends partly on its physical effects on the 
soil and partly on its contents of nitrogenous and sulphur compounds. 
It is largely used as a top dressing for wheat in the early months 
of the year. The dead black colour of soot makes it a good absorbent 
of solar radiation so that the soil which has been tieated with it 
is kept warmer than untreated land, whilst the nitrogenous compounds 
present in soot are valuable fertilizers. The carbon and nitrogen 
contents of coal and the soot obtained fiom it are as follows*:— 

Carbon % Nitrogen % 
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It h'as been reported that peat fires are kept burning all day 
and most of the night in the thatched houses and the only exit 
for the smoke is the doorway in the houses in the Hebrides. The 
thatch containing the soot is applied to the land for fertilization. 
The thatch is renewed annually. In the Hebiides, cows aie housed 
under the same roof with the human beings and the cow manure is 
removed once a year and added directly to the land. 

Molasses, soluble carbohydiates ard glycerol when added to 
the soil are oxidised quickly and fix nitiogen and enrich the soil and 
can behave as quick acting, nitrogenous manures specially in tro¬ 
pical countries. On the other hand, when mateiials rich in cellu¬ 
lose, lignin and bark are added to the soil, the oxidation of the 
organic matter is much slower than in the previous case. Fats, 
resins, waxes also resemble the latter class. The case of mobil oil 
is peculiar. Although it is rich in carbon and hydrogen and is 
free from oxygen,it undergoes oxidation in the soil with very great 
difficulty and hence is not suitable as a quick acting nitrogen fixing 
material but these substances may increase the aeration and poro¬ 
sity of the soil. Saw-dust rich in lignin and lignino-cellulose behaves 
ip the same way and markedly resists oxidation when mixed with soil. 
Charcoal or graphite when mixed with soil may increase the porosity 
and aeration but may not be able to fix nitrogen. 

With protein substances, when mixed with soil, the simpler 
the constitution of the protein, the greater is its power to behave 
as a quick acting manure. Amino acids when added to the soil under¬ 
go ammomfication and nitrification readily. Similaily human ex¬ 
creta containing amino acids and proteins, rotten fish etc. can behave 
as quick acting manures. Blood, oil-cake etc. containing fats do not 
undergo oxidation in the soils so readily and may not behave as very 
quick acting nitrogenous manure as the previous group. Hoofs, 
horns, hides etc. are formed as highly polymerised proteins of large 
molecular weight and when mixed with soil undergo very slow oxi- 
datidkPto ammonia and are not likely to act as quick acting manures. 
These complex protein matters are likely to remain in the soil for 
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long periods and may behave as slow reacting nitrogenous sub¬ 
stances. 

That the decomposition of pentosans decreases rapidly and 
the total carbon increases with the depth of peat indicate how quick¬ 
ly the original cellulose and other plant materials arc transformed 
into humic products. Moicover the original woody structure is well 
preserved in some lignites and that is why the lignite or biown coal 
should be more valuabl as manure than anthracite real. 

Goal formation from plants. 

It is clear from the . xisting literature that coal is formed urder 
more anaciobic than aerobic conditions and coals arc usually acidic. 
Consequently, the carbon ritrogen ratio of all samples of ccal varies 
from 30 under the most favourable conditions to about 100 cr more. 
The young varieties of ccal like peat, doppleritc are acidic. Coals 
which are lich in sulphur should prove gcod manures for alkali soils. 

In the process of coalification as in the sequence, wood (lignin and 
cellulose)-»peat-»brown coal (lignite)-^bituminous ccal-><.ntl lacite 
coal—^graphite-♦diamt nd, thcic is not only dehydration or loss cf water 
but there is a'so loss of oxygen over and above the loss of oxygen as 
water. In other words, auto-oxidation, and reductions imohirg the 
production of carbondioxide and perhaps carbon monoxide and organic 
acids take place along with the reduction of the cellulose cr lignin 
or sugar. It is well known that glucose in piescnce of yeast undergoes 
the following change :— 

C e H, 1 O e =2 CO, +2C a H 5 OH+22 K Cals 

The alcohol is more i educed than sugar and the carbcn dioxide 
is more oxidised than sugar. Hence this is a process of auto-oxidation 
and reduction The alcohol on dehydration may be converted into 
ethylene. Similarly the cellulose or lignin molecule in forming prat 
or coal must be partially converted into carbondioxide and perhaps 
carbon monoxide and organic acids and alcohcls which on dehydration 
may yield hydrocarbons. The complex h)drocarbons may in turn 
break up into carbon and hydrogen. 
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C allodial carbon In humus and coal 

The black material obtained in composting straw, plant residues, 
the black substance obtained in drains and in underground sewers 
and perhaps the black mass obtained by the action of concentiated 
sulphuric acid on sugars* filter paper, straw, saw-dust nrd the black, 
material in soil humus as well as that of coal, may be identical. More¬ 
over, in composting thin layeis of straw, though the temperature docs 
not exceed 40° and there is a lack of high pressure, black masses 
are obtained. The mechanism of this blackening process is not very 
clear. In coal formation the tcmperatuie may go upto 100° or more 
and pressure may be high; but in peat formation which takes place 
under water, neither the pressure nor the temperature can be high. 
There is no doubt that cellulose, lignin and proteins take part in peat 
formation. As petroleum is also derived from vegetable and animal 
residues, it may be that hydrocarbons play a part both in coal and 
petroleum formation. 

It seems that lignin can form woody coal but the cellulose, pectin 
and perhaps the sugars derived from pectin and cellulose may form 
jelly like substance or the ‘fundamental jelly’ of the coal scientists. 
This idea is supported by the fact that the black substance formed 
by the reaction of sulphuric acid on straw or cane sugar sets to a jelly 
readily. From the literature on the formation of coal, it is clear that 
apart from the mineral .natter, carbohydrate, proteins, fats and waxes 
etc. of the vegetable world may form two important groups of com¬ 
pounds, one being the woody matter and the other, the jelly. The 
jelly may be the chief source of the volatile compounds in coal and 
the woody mattei, the chief source of cokes, the protein, matter might 
have been incorporated in the jelly. 

A part of the oxygen of the cellulose is lost as carbon dioxide 
and this is oxidation and the alcohol formed as the reduction product 
by partial dehydration can form a hydrocarbon. Hence the coal 
substance may be a mixture or a solid solution of colloidal carbon, 
a hydrocarbon and an alcohol. Consequently, the oxygen loss of 
cellulose or lignin may consist of two causes. Firstly, loss of carbon 
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dioxide and possibly carbon monoxide , and loss due to dehydration 
of alcohol forming a hydrocarbon which can break up into carbon 
and hydrogen gas. This explains the case with which, hydrocarbons, 
hydrogen, carbon monoxide etc. are given out on heating coal and 
its conversion into coke. Perhaps this mechanism of coalification 
throws light on the production of petrol in nature and also its pro¬ 
duction synthetically. 

In our experiments with leaves, filter paper, saw-dust, cotton¬ 
wool, covered with watci, both in light and darkness, even after one 
month, acids are obtained in aqueous solutions and there is appreciable 
blackening after three months, although the temperature never excee¬ 
ded 40°. Cowdung is not acidic at all under these conditions. 

With regard to the blackening under anaerobic conditions, a 
change takes place by which the organic matter is blackened, but 
the mechanism seems to be connected with some type of dehydration 
perhaps of the cellulo3ic material which forms the greater bulk of 
plant residues. 

The decomposition of the bacteria, fungi, algae etc. which 
are present and active in the first stages of peat formation from vege¬ 
table and animal matter covered with water may produce black 
mass probably due to the liberation of carbon in the colloidal state. 
Similarly in composts and in the organic matters in diains, colloidal 
carbon may be formed by the partial decomposition of micro 
organisms. 

Highly organised plants contain much less nitrogen than less 
organised plants. The nitrogen content of beach is 0.09 %, birch 
0.10%, fir 0.05%, spruce 0.04%. On the other hand, bacteria contain 
up to 13 % nitrogen, algae 3.2 to 4.8, leaf moss 2.4 to 3.2 %, fern 
1.6 to 2.4%, grass 1.6 to 2.4 % and swamp plants 1.6 %, 

E. Torres (Proc. 3rd Intern conf. Bituminous coal, 2, 797 (1931)) 
prepared artificial brown coals containing 4.16 % nitrogen by heat¬ 
ing under pressure, peat moss containing 1.73% nitrogen after its 
A 49-1-6 
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fermentation. The greater nitrogenous content of bituminous coal 
in comperison with brown coal or lignite has been ascribed to the 
existence of animal matter along with plant residues Chlorophyll 
which is always associated with green plants, contains nitrogen and 
can add stable heterocyclic nitrogen containing molecules to coal. 
Cholorophyll and other porphyrins have been detected in coal. Protein 
materials such as chitins present in the coating of bacteria, in fungi 
cells, insects etc. may add nitrogenous substances to coal. 

It is generally believed that most of the nitrogen present in humus 
is protein. The microorganisms which attack proteins in soils contain 
from 3 to 10% nitrogen. The plant residues usually added to the 
soil contain 0.32 to 2.4% nitrogen whilst the nitrogen content of soil 
humus varies from 1 3 to 5 6% showing an enrichment of protein 
in humus of the soil as a result of carbohydrate decomposition. Mi¬ 
crobiologists postulate that the major source of protein in humus is 
the microbial body cells. 

Carbon/nitrogen ratio of coal 

The carbon/nitrogen ratio of peats varies from 30.8 to 40. With 
brown lignite the carbon/nitrogen ratio varies from 30.9 to 127. 
A sample of lignite containing more sulphur, that is, an acidic coal, 
showed a carbon/nitrogen ratio of 211. The black lignites have carbon/ 
nitrogen ratio* 'arying from 16.6 to 32. The semi-bituminous coals 
possess carbon/nitrogen ratios varying from 43.2 to 80 whilst sub- 
bituminous coals have carbon/nitrogen ratios ranging from 64 to 
148. Bituminous coals have carbon/nitrogen ratios varying from 
37 to 78* whilst anthracite coals show a carbon/nitrogen ratio, in most 
cases, of 100 or more. 

It is well-known that soot is richer in nit r ogen than coal from 
which it is derived and many samples of domestic soot have carbon/ 
nitrogen ratios as in humus of /oils, that is, approximately, 10, and 
soot collected from kitchen chimneys shows carbon/nitrogen ratio of 
about 13. The carbon/nitrogen ratio of low moor-peat is about 15* 
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We are trying to establish that all materials which burn or 
can be oxidised are capable of being used as agents for nitrogen fixation 
in soils or other solid surfaces. Composts as prepared at present burn 
readily and they supply nitrogenous matter to the soil. 

Is coal or petrol or mobil oil an inert matter ? They bum readily 
in air but seem to be oxidised at the ordinary temperature on the 
soil surface with difficulty, and that is why the nitrogen fixation 
is a slow process. 

Are death and dehydration connected phenomena ? Glucose, 
cane sugar, starch, cellulose and lignin, formed in the plants, are 
less and less hydrated as the molecular weight increases. Moreover, 
the nitrogen content of the plants decreases with increase of lignin, 
i.e., ageing. 

Both animal and plant materials can b: used as nitrogenous man¬ 
ures in the soil. A tree is a living thing, so are fungi, algae, bacteria, 
protozoa etc. They arc rich in nitrogen and can serve directly as 
nitrogenous manure when decomposed in the soil as blood or other 
protein materials with carbon/nitrogen ratio smaller‘than 10. On 
the other hand, plant materials have carbon/nitrogen ratio greater 
than 10 and hence they not only add the small amount of nitrogen 
they contain but can fix atmospheric nitrogen and add humus to the 
soil. 

The legumes are an interesting group, because they arc both 
plant and bacterial products and hence, perhaps, intermediate bet¬ 
ween ordinary plant materials and bacteria. Their carbon/nitrogen 
ratio varies from 10 to 13 or more according to maturity and the 
amount of nodules present at the roots. They fix very little nitrogen 
even when mixed with soils and they have small residual effect. Plant 
materials with carbon/nitrogen ratio greater than 20 can fix nitrogen 
and increase humus for more than one year and hence possess resi¬ 
dual effect longer in the soil than legumes. 

Goal and petrol are certainly mixtures of vegetable and animal 
matters of which the decay is partially or completely stopped. It 
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is stated in Waksman’s “Humus” that peat contains carbohydrates. 
We have observed that all carbohydrates can fix atmospheric nitrogen 
and increase humus, and hence the carbohydrate in'peat should be 
able to fix nitrogen in soil. On the other hand, the carbon and 
hydrogen of the anthracite coal may be very inert at the ordinary 
temperature towards atmospheric oxidation and may not be able 
to fix nitrogen easily. Is it possible to measure the inertness of a 
combustible matter by its inability to fix nitrogen ? There is no 
doubt that anthracite coal is less hydrated and contains smaller amounts 
of oxygen and nitrogen than coals of other ranks. 

The urea-formaldehyde polymers when added to the soil may 
behave as moderately quick acting manures and will be certainly 
less quick acting than urea because of the presence of the carbona¬ 
ceous substances derived from formaldehyde. If the nitrogenous 
substance has to remain in the soil for more than 2-3 months, urea- 
formaldehyde polymers should behave better than urea or ammonium 
sulphate alone. In case of sodium or potassium nitiates there is not 
only leaching more than in ammonium sulphate, but in our soil 
which has already a tendency towards the alkaline side, more 
alkalinity is produced and may not be, therefore, suitable for our 
soils. 


Sir John Russell has reported that Hartley and Greenwood, 
(Emp. J. Expt. Agric 1933,1, 113) using one ton of fhrmyard manure per 
acre, obtained beneficia 1 results very much better than an equivalent mix¬ 
ture of artificial manure in Nigeria. Moreover, Tempanyand co-workers 
(Emp. J. Experimental Agriculture 1949, 17,145) have observed that 
ammonium sulphate renders no good to crops in stations in Malaya 
having 85" rainfall; but farmyard manure and other forms of organic 
substances produce good results. 

Element* present In plants and coals 

According to Professor G. Bertrand , a flowering lucerne plant 
contains the following elements :— 
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Carbon, hydrogen, oxygen, niuogen, sulphur, phosphorus, chlorine, 
silicon, calcium, magnesium, potassium and sodium varying from 
45.37 to 0.157% ; whilst the following elements aie present in smaller 
amounts ranging from 0.0036 to 0.0000027%: iion, aluminium, 
boron, copper, zinc, manganese, fluorine, titanium, bromine, nickel, 
molylednum, iodine and cobalt. Moreover, V. M. Goldschmidt and 
others have reported the presence of the following elements in coal :— 

Carbon, hydrogen, oxygen, nitrogen, sulphur, phosphorus, chlo¬ 
rine, silicon, calcium, iron, manganese, sodium, potassium, titanium, 
zirconium, zinc, bad, cadmium, copper, gold, silver, vanadium, 
beryllium, germanium, nickel, barium, gallium, strontium, boron, 
scandium, yttrium, lanthanum, cobalt, molybdenum, uranium, arsenic, 
antimony, tin, iodine, bismuth, rhodium, palladium and platinum. 

Elements present in soil 

A fertile scil contains the following : — 

Carbon, hydrogen, nitrogen, oxygen, phosphoius, potassium, 
calcium, magnesium, sodium, boion, copper, iron, manganese, zinc, 
cobalt, aluminium, titanium, molybdenum, chlorine, fluorine, iodine, 
sulphur and silicon. It is clear that foi the healthy growth of a crop 
the soil must contain tho.»e elements which form essentia! ingredients 
of plant life. # 

From ancient times plant materials have been partially decom¬ 
posed in heaps or in pits and converted iuto composts which are added 
to the fields as manure. The aim of composting is to conserve the ni¬ 
trogen present in the plant materials and add it to the soil with about 
10 its weight of carbon in the form of humus which also contains 
most of the mineral matters present in the plant residues along 
with micro-organisms. 

Since 1935, Dhar (Presidential address, National Academy 
of Sciences (India) 15th January (1937)) has emphasized that the 
direct addition of plant materials to the fields before composting is 
more beneficial to crops, because the energy materials like carbohy- 
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drates, celluloses, lignin, fats etc., when added to the soil, are par¬ 
tially oxidised and in this process nitrogen of the air is fixed. The 
value of the plant residues when added directly is due not only to their 
nitrogen content but also to the nitrogen fixed from the partial oxi¬ 
dation of their carbonaceous constituents. Hence much more humus 
(which is a combination of protein with lignin or cellulose or carbohy¬ 
drate mixed with micro-organism) is formed and added to the soil 
when plant materials are mixed with the soil direct instead of their 
addition after composting elsewhere. The method of direct addition 
of plant mateiials to soils without composting has been adopted in 
farms in Pennsylvania and California, U. S. A. The citrus fruit indus¬ 
try in Palestine is utilising the direct addition of fruit and plant resi¬ 
dues to the soil under the advice of Dhar in enriching the field 

The chief artificial fertilisers used in industrially advanced 
countries are potassium salts, phosphates and ammonium salts, urea 
and nitrates, and for acid soils, calcium carbonate It is clear that 
the above fertilisers do not supply all the materaials required for the 
healthy growth of a plant. On the other hand, plant residues when 
added directly, or as compost, supply all the materials needed for 
plant growth. Dhar and co-workers have shown that carbohydrates, 
celluloses, lignins and fats act as marked negative catalysts in the 
oxidation of proteins and ammonium salts or urea to nitrites and 
nitrates. Hence the proteins added along with plant materials 
liberate nitrate much more slowly for the benefit of the crop and for 
a longer period than ammonium salts or urea. The slow liberation of 
nitrates from humus decreases the chance of leaching away of nit¬ 
rates from soil. It has been established in Allahabad that when 
100 lbs of nitrogen are added to soil in the form of ammonium salts, 
60 pounds are lost as nitrogen gas in three or four months without 
benefit to the soil or the crop/chiefly due to the formation and decom¬ 
position of the unstable substance, ammonium nitrite. Proteins also 
undergo oxidation and partially lose their nitrogen but in the pres- 
sence if carbohydrates, celluloses, lignin and fats, the loss is slowed 
dowel and hence the crop can absorb the nitrate formed slowly for a 
longer period. 
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Nitrogen fixed with coal 

We have observed that peat, lignite and bituminous coal when 
mixed with soil in a very finely divided condition are slowly oxidised 
and in this process fixation of nitrogen takes place. The amount 
of nitrogen fixed is greater in sunlight than in the dark. The esti¬ 
mated total nitrogen capital of the world peat and lignite is 47350 
million tons. Moreover, the carbonaceous compounds present in 
coal are more inert than those existing in fresh plant materials, and 
hence, when finely divided coal is added to the soil, the available 
soil nitrogen is not readily converted into microbial proteins as with 
freshly added plant residues. Hence finely divided coal can be mixed 
with soil and crops can be grown almost immediately without giving 
any time interval which is needed when plant materials are added 
directly to the soil. 

The growing of paddy and wheat has been found to be bene¬ 
fited in our experiments by the addition of finely divided lignite 
and bituminous coal, which add nitrogenous manures and minerals 
needed for the growth of crops. 

It is estimated that the nitrogen content of the humus in the 
top one foot of the cultivated lands of the world is 40000 million 
tons. The amount of nitiogcn fixed in all the nitrogen industries 
of the world was 3.54 million tons in 1937. Hcxcc the nitiogen still 
present in the world soils in the first foot from the top is 11250 times 
greater than the yearly nitrogen production. It is no wonder, there¬ 
fore, that only 3 per cent of the world crop yield has been attributed 
to artificial nitrogenous manures in the last British Association meeting 
and reported in ‘Nature’, 1949 vol. 164, No. 4171, page 597, as fol¬ 
lows :— 

“At present only some 3% of the world food production 
can be attributed to the use of nitrogenous fertilizers. To 
raise the food by 10 %, that is to say one hundred million 
tons, involves a fourfold increase in supplies of fixed nitrogen 
at an approximate capital cost of £ 1,50,00,00,000. This 
would take a minimum of 15 years to achieve.” 
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It is interesting to note that even in the highly industrialized coun- 
tiies, the amount of nitrogen added per ac.'eofland before the second 
World War, was much less than the nitrogen requirement of even one 
crop per year as shown below in pounds of nitrogen added per acre 
of land undei cultivation :— 

Belgium (28.5), Holland (24.8), Germany (15.6), 

Denmark (10.3), Norway (6.0), Sweden (5.24), Italy (4-3), 
France (4.0), Great Britain (2.5), U. S. A. (1.36), 

Poland (0.73) and Hungary (0.15). 


Sutnmiry and Conclusion 

(1) Ammonium sulphate and ammonium phosphate lose the majority of their 
nitrogen content as n troge i grs even in two months. fter their addition to the soil. 
With ammonium nitrate, ammonium tartrate, ammonium oxalate and ammonium 
citrate, urea, hippunc acid, gelatine, oilcaie and blood, the loss is less within 
the same pe lod. With oilcake containing fat, the loss is the least. 

(2) W-th nitrogen rich compounds having a carbon/n'trogen ratio of less 
than 10, small quantities of humus are added to the soil <nd there is rapid loss of 
nitrogen in the gaseous state although they arc quick acting nitrogenous manures. 

(3) With plant materials, faimyrid manure, cowdunp, straw etc., with car- 
bon/nitrogen ratio greiter than 10, when added to the soil fix. tion of atmospheric 
nitrogen and humus formation take place and the addition of humus is much 
gr later than when such suhstarces arc added aftT comporting them elsewhere. 
It has been observed that the great*r the carbon/nitrogcn ratio of the starting 
material, the greater is the litrogen fixation and increase of humus. This is the 
chief source of soil nitrogen. 

(4) Much more nitrogen is fixed in the arable soils of the world by absorption 
of the solar light per ye< r than the nitrogen fixed in all industritl opera tons. 

(5) Marked nitrogen fixation and humus formation take place both in light 
and dark under completely sterile condit'ons with cowdung, leaves of Neem plants 
(Melia Azadiractta Lina) end wheat straw although the process is slower than in 
unsterile state. 

(€) The efficiency of nitrogen fixation in light in the presence of calcium 
ca^oiate with a culture of Asotobacter fed with mannitol is appreciably grester 
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than in the daik due to the absorption of light by calcium carlxwate although the 
amount of caibon oxidised in Jij.ht is slightly less than in tht duk in some experiments 

(7) Soil humus formation and nitiogen fixation also take place with soluble 
carbohydrates, glyceiol and fat 

(8) Nitrogen fixation and humus formation on adding 01 game matteis are 
qutckci and greater with sandy soils than in clay soils 

(9) rhere is no decrease of available nitrogen in tropical soils on adding sug irs, 
staich or glycerol although the lucterial population markedly met eases 

(10) There is an initial decrease ol available nitiogen with celluloses, lignins 
and fats when added to the soil although there is increase of total nitrogen There 
is also mu case of bacterial population with these carbonaceous compounds 

(11) The greater tilt fixation of nitrogen and humus formation m the soil the 
greater is the residual effect of a minute 

(12) Humus liberates nitrates more slowly thin ammonium salts and othu 
quick acting manures and benefits the ciop foi a longer period This explains why 
(he nitrogen status of a soil is not improved without the addition of cat bon compounds 

(13) I he percentage of nitiogen in humus of ttopiral soils is pcitei than the 
percentage of nitiogen in soils of Urnpetate countries Acid soils have higher and 
alkaline soils lower carbon/nitrogcn ratios than normal soils 

(14) Peat, lignite, brown coal bituminous coal and anthracite coil have highei 
carbon/nitrogen ratio than noim il soils The higher the 1 mk of the coal the greitei 
is the caibon/nitrogcn latio except lignite which usually contuns less m f iogen than 
bituminous coal 

More acidic coals like acid soils have gi cater caibon/nitrogen ratios than less 
acidic coals — 

(15) Considerable quantities of humus are present m peat, lignite and coal 
These materials improve crop product ion by their slow liberation of mtrate and 
fixation of atmospheric nitrogen These arc abo beneficial to alkaline soils 

(16) Colloidal carbon is present in humus and coal and this causes th black 
colour 

(17) The same elements which arc present in plant* are abo present 11 coal 

(18) The method of direct addition of plant materials without composting is 
easier and more profitable as there is nitrogen fixation and more humus formation 
than composting and has been adopted in Pennsylvania and California, USA 
and by the citrus fruit industry m Palestine 
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(19) The estimated total nitrogen content of the world peat and lignite is 47350 
millions of tons. The nitrogen content of the humus in the first foot of the arable lands 
of the world is believed to be 40,000 million tons and the world production of fixed 
nitrogen in factories was 3 54 million tons in 1937, that is, the soil nitrogen is 11,250 
times greater than the fixed nitrogen production per year. 

(20) Only three per cent of the world food production lias been attributed to 
artificial nitrogenous manures. 

(21) The pounds of nitrogen added per acre of land under cultivation vanes 
from 0,15 in Hungary to 28.5 m Belgium and is much less than that required for th* 
production of one crop per year. 
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CORRIGENDUM 

In my paper, “Determination of Elastic Constants ol gels by 
Ultrasonic Method,” the rise of amplitude after the second minima is 
due to the transmission of sonic energy directly. At angles gi eater 
than 70 ° this direct transmission staits taking place. Figures 4-7 
needed this explanation. 

Arvind Mohan Srivastava 
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DETERMINATION OF ELASTIC CONSTANTS OF GELS 
BY ULTRASONIC METHOD 
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Communicated by Dr. R. N. Ghosh, D. Sc., F. N. I., F. N. A. Sc., F. A. S. (America) 

(Received on September 8, 1949) 

Abstract 

The ultrasonic pulse technique developed herein is applied to the determina- 
tion of the elastic tnodulii of four gels. The method is entirety new to this line of 
work and recommends itself because the determinations are quick, accurate and the 
sample is left undamaged after experimentation. The theories of gel formation have 
been analysed in brief and attempts are being made to co-relate them with the 
elastic data obtained. 


1. Introduction 

Considerable interest has been shown in the determination of the 
elastic constants of plastics and other high polymers during the recent 
years. There is, however, a paucity of published data in the case. of 
gelatinous substances. The importance of this work is three-fold, via., 
(1) it provides a basis for comparison, (2) they furnish a scientific 
criterion for studying the semi-solid nature of gels, and (3) they afford 
to provide a basis to understand the ultimate mechanical properties 
of gels. 

W. T. Richards^, and Reggiani 1 have studied the properties of 
some hydrosols prepared by emulsification. Marinesco* has consi¬ 
dered the effect of sound waves on gels. He has, however, only consi¬ 
dered the absorption of waves and the gradual dimunitionof the ampli- 
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tudc of plane waves A year later he used an expression* to inter¬ 
relate the velocity with compressibility and density of the medium in 
which the plane waves propagate. Bez-Bardili 1 determines the velo¬ 
city of sound waves in solids and relates them to theii elastic constants. 
These attempts make it apparent that the importance of ultrasonic 
methods have been under-rated by the colloid chemists. In this paper 
it is, therefore, intended to initiate the supply of data that might enable 
them to look into the pi oblem from a totally neglected angle 

2 r QU1PWFNI 

The experimental method is an adaptation of the pulse technique 
which has been desci ibed by Pcllam and Galt’ and by Teetar* originat¬ 
ing in the work of Massachusetts Institute of Technology Radiation 
Laboratories. The complete equipment consists of four parts ( uni t*) 
linked together as shown in the schematic diagiam, Figure 1 



Fig, i. Block diagram of the equipment. 


The Time Base controlled by the alternating current supply mains 
trigger^ the Driver unit which supplies electrical impulses to the 
Transifaitter. Thus the equipment operating from a normal 50 cycles 
per second A. C. mains transmits 50 pulses per second. We now 
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proceed to consider the transmission of a single pulse at 2.5 
Megacycles per second. 

The Time Base applies a rapidly changing potential to the X 
plates of the cathode ray tube so that the cathode ray tube spot moves 
at a constant velocity across the screen from left to right. Just after the 
start of the time-base stroke the Driver Unit is triggered by the former 
and applies a short pulse of energy at the desired frequency of 2*5 
Mc/sec. to the Quartz Transmitter; a fraction of this energy is led 
directly to the Y plates of the o ithode ray tube. Thus the spot moving 
from left to right across the screen is deflected vertically at the instant 
of transmission. 

Electrical energy supplied to the transmitter is converted into a 
pulse of 2'5 Mc/sec. supersonic energy which is propagated through 
the sample under observation, i econvctted into electrical enicgy by 
the receiver, and this ti ansmitted energy is applied to the Y plates 



Photograph i. Showing the transmitted pulse amplitude, 
of the cathode ray tube. The spot is therefore, deflected vertically 
again The velocity of the spot as it moves across the cathode ray tube 

icteen from left to-right is adjusted so that the vertical deflection occurs 
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at the right side of the trace. The two vertical deflections are shown in 
photograph 1. 

Conversion of electrical energy to supersonic and vice-versa 
is affected by the piezo-electric action of a 2 centimetre diameter, 
2.5 Mc/sec., X-cut quartz disc fixed to the ends of two cable heads 
or ends. Both the sides of these quartz discs are thinly silver plated; 


Cable Connector 
Cable Contact 




Contact Spring 



Head Cap 



Qpartz Disc 


Cable Head 



Fig. s. The assembly and housing of quartz crystal. 

contact between the upper surface of the disc and the central conduc¬ 
tor 6f the cable is affected by a spring located in the head cap. The 
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heads each complete with a quartz disc, head-caps and contact 
springs are attached to the co-axial concentric cables. Care is taken to 
ensure that the contact springs arc free to slide in the head-caps, and 
that they press firmly against the recessed cable contacts. A detailed 
sketch of the whole assembly is seen in Figure 2 . 

A key is used with which the head-caj) may be removed in case 
it be necessary to examine or replace the quartz disc. The quartz disc 
and the inner surface of the head should be clean and free from grit. 
After supplying two or three drops of light machine oil to the inner 
side of the head the quaitz disc is inserted and pressed lightly into 
position; the head-cap is sciewed tightly into position; and the 
contact spring replaced. 

In the apparatus a frequency selection switch is provided on 
the right side of the panel in front. This selects the output frequency 
of the transmitter. It consists of the multiway switch introducing 
various inductances in parallel with the capacity of the transmitter 
lead (earth) and the crystal. The available frequencies are 2 '5 Mc/sec. 
2*25 Me./sec., 1 *25 Mc./sec., and ‘625. Mc./sec. , and X (mixed 
frequency). In each inductance there is an adjustable coie which 
requires adjusting if the length of the transmitter lead is changed for 
any purpose, but otherwise should never be changed. 

It is not advisable to lay down rigid rules for the selection of 
appropriate frequency for any given application, as experience has 
always appeared to be the best guide. The type of the material often 
is the determining factor, as for example 2.5 Mc./sec, is suitable for 
most steels, while for copper this would be too highly attenuated. In 
the latter case .625 Mc./sec. is more suitable. The position X allows 
a mixed frequency to be generated and the highest which will pene¬ 
trate the material in question and can thus be directly seen on the 
cathode ray tube screen. 

Surface conditions of the test sample should be as good 
as practice will allow, but difficulty arises in case of gelatinous 
substances which are unrigid and uneven. If there is insufficient sensi¬ 
tivity for this reason the amplifier sensitivity can be sufficiently 
im* r rair r^ by inserting a plug-in filter in parallel with the receiver. 
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The frequency of this plug-in filter is the same as that of the 
transmitter 

The two techniques available have been suggested by Bar and 
Walti ' and by Bcz Bardih* The mechanical wave set up by the 
quartz is impinged upon a slab of the matenal held normal to the 
direction of propagation ol the wave ai d the energy transmitted is 
detected by the receiver quail/ diamctncally opposite to the previous 
one The geneiator, the sample of gel and the detector arc immersed 
m a liquid bath to avoid the extreme mismatch of accoustic impedance 
at the solid-gas interface 

While the two quait/ are kept fixed in the two slots in the two 
opposite walls of the liquid container (photograph 2), the test sample 
of the gel can be rotated in a vertical plane, changing the angle of 
incidence of ultrasonic waves on the slab This angle of rotation 
can be measured on a graduated discover which a pointer moves 

3 Theory and Technique 

In any isotropic media two types of deformations are exhibited on 
the application of a stress These are the two well known states of 



Photograph a* Showing the experimental cell 
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extension and shear The Young s modulus F expresses a resistance to 
tension and shear modulus S expresses the resistance to shear In the 
first type of deformations a the Poisson s ratio is a constant ratio of the 
cross-sec lonal contraction to the elongation in length \ rt ation bet 
ween these three is given by 

F 2 (1 | .) S (1) 

Soundwaves that arc propagated in a solid t ike up two velocities 
depending upon the two deformations ass ci itc l with them The 
waves m the case of a simple sheu ire called shear trans\erseor 
rotational ones and their velocity is gnen by 

' JO < 2 > 


where p is the density of the gel In the dcfoimatuns 1 an extension 
the vibritions are called dilatation longitudinal or nr taticniland 
their velocity is given by 



Fra// F ) 

V \p 1 a 1 — 2a)) 

(**) 

also 




k 2 
k 1 

(4) 

where, 




k-VejV 

(5) 


Thus a knowledge of Ve and Vi enables us a determination of 
o, E and S From these one can determine the compressibility m 
The Bulk modulus of elasticity is 


K 


E 

3(1—2* 


( 6 ) 


and knowing that m *° 


1 

K 


we can calculate m 


The method used herein is based upon the variation of the 
amplitude of the trarflmitted energy with the angle of incidence 
of the ultrasonic beam on the slab of jelly Since the velocity m 
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solid is greater than that in the liquid the wave-trains are refracted 
away from the normal and the indices of refraction for the two 

waves are, 

Sinfl _ V, 

Sin*, V t I (7) 

_ Smtf V, ( 

n, ~ Sim l~V, ) 

where V, is the velocity in the tank liquid. 

As 9 increases 0, also increases so that at a value fr, of 9, 9„» 90°, 
the dilatation waves are totally reflected and there is a pronounced 
minimum in the intensity as well as the amplitude of the transmitted 



V, 

fig, 3 . Showing the various wavetnuyts. 
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energy. As 0 goes to a further value 0„ 0,-90° and the shear waves 
are totally reflected, then at 0, and 0,; 

Vi — VJSin 0 t 'i 

> ( 8 ) 

V, = F r /Sin0, j W 

The amplitudes of the transmitted wave are shown in photograph for 

a single gel at an angle of incidence other than that at the critical 
angle. The first vertical maxima shows the start of the pulse, the 
second and largest amplitude is the magnitude of the transmitted wave 
and the third maxima to ti e extreme right is due to reflection of the 
wave from the front and back surfaces before detection. On rotating 
the slab of gel the second maxima diminishes twice as the two wave- 
trains arc totally reflected respectively 

The abov'o technique has been adopted in my work because of 
several definite reasons, the main being that; no extensive preparation 
of the gel sample is needed, the sample thickness is immaterial, the 
sample is not damaged duiing tl e process, evaluations are simple easy 
and accuate and no involved calculations arc necessary. 

4. Results 

To test the accuracy of the method a few determinations were 
made with subst inccs whose elastic constants are well known. The 
results so obtained show that the method is quite safe for application 
and the accuracy is quite satisfactory. Table 1 shows the values of the 
angles observed and the velocities of the two wave trains computed 
therefrom. Figs. 4 to y indicate the angles observed when the total 
reflection of the waves occurs. The two dips correspond to the values 
0, and 0,. Table 2, gives the values of the Poisson’s ratio, the, refrac¬ 
tive indices and the ratio k. The third table presents the elastic 
constants for the four gels that have been studied here. 

For the purposes of these calculations the velocity of waves in the 
tank-liquid water, is taken to be 1*55.10* cms./sec. All the values of 
the velocity are expressed in centimetres per second. Values of E and 
S are given in dynes per square centimetre, that of m is given in recip¬ 
rocal of the above. 

* 49 ** 




Determination of Elastic Constant of Gels 61 



10 20 30 40 50 60 70 BO 90 


Fig 6. Showing the variation of amplitude ol transmitted 
wave in Tion Silicate Gel i 
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Table No. 1. 


No. 

Gel 

p 


9. 

Ve 

Vs 

1. 

Silica, SiO, 

1-14 

53-5° 

81-0° 

1-85.10* 

1-57 10* 

2. 

Barium Sulphate 

1-22 

49*0° 

72-0° 

2 06.10* 

1-65.10 

3. 

Iron Silicate 1. 

1 27 

45-0° 

62 0° 

2 15.10* 

1 70.10* 

4. 

Iron Silicatc2. 

1 35 

41-0° 

59-0° 

2 25.10* 

1 74.10* 


Table No. 2. 


No. 

Gel 

w. 

n. 

k 

— a 

1. 

Silica, SiO, 

.81 

.98 

1.19 

.63 

2. 

Barium Sulphate 

.74 

.95 

1.24 

.44 

3. 

Iron Silicate 1 

69 

.89 

1.26 

.35 

4. 

Iron Silicate 2 

.66 

.86 

1 29 

.22 

Table No. 3. 

No. 

Gel 

E 

S 

K 

m 

1. 

Siuca SiO, 

2 01.10“ 

2 84.10“ 

2 93.10* 

341.10-“ 

2. 

Barium Sulphate 

4 01.10“ 

3*22.10“ 

7*95.10* 

1-26.10-“ 

3. 

Iron Silicate 1 

4*79.10“ 

3*67.10“ 

9*40.10* 

1-06.10'” 

4. 

—J. M 

Iron Silicate 2 

5*18.10“ 

4*09.10“ 

11*46.10* 

*88.10'“ 
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3.- Discussion 

The colloidal state of matter shows certain intcier-ting and dis¬ 
tinctive properties that are absent in the two constituent phases them¬ 
selves. A gel reptesents a specific type of colloid wheicm a liquid is 
dispersed in a solid dispersion medium. The properties of <-uch a 
system are therefore naturally pei ple\ing in i ci tain respects. Although 
a large amount of woik ha> been done on gels there is no agreed view 
on the mechanism of gel formation. Wcimain’ holds the view that a 
precipitate may be crystalline, amorphous, or gelatinous ac touling to 
the percentage ofs upcrsaturalion. Bradford” is in general agieemeul 
with Weimam and he maintains that the gels Iravc two phases— 
an ultramicroscopic solid plnse soaked in a liquid dispersion 
medium retained by capillary and molecular forces. Bancroft 11 
on the contrary believes that there arc other factors besides 
percentage supersaturation that effect the foimation of the nuclei in the 
gels. It is apparent, therefore, that much further work is needed to 
elucidiate the mechanism of gel formation to understand properly the 
semi-solid nature of these substances. 

A large amount of work has been done by Dhar 11 who has classi¬ 
fied the jellies into three groups. In the first group the particle show 
some basic network and the jellies are easily formed, more stable like 
gelatine, agar-agar, soaps, etc. The second group consists of gels 
formed by the slow coagulation of a sol throughout its entire mass and 
the particles do not consists of a network. Hydroxides of iron and 
chromium are members of this class. The substances involved in this 
class have a marked affinity for water and they are less stable. The 
third group forms the Weimam class consisting of substances precipitated 
very suddenly, they are the least stable. 

On accumulation of further data we intend to support one of the 
aboye views on the mechanism of gel formation. For the present this 
paper supplies a new approach to others interested in this line of work. 

6 . Acknowledgement 

I wish to record my sincercst thank to Prof. N. R. Dhar and 
Dr. R. N. Ghosh who have afforded me encouragement and guidance 
that enabled me to undertake this work. 



64 


Arvind Mohan SrIvastava 


1. 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 

11 . 

12 . 


Richards, W. T. 

Reggiani 
Mar.nesco, M N 
Mar.nesco, M. N. 
Bez«Bardili W. 

Bar and Walti 

Pci lam J. R. and Galt J. K. 

Teetar, C. E. Jr. 

Weimarn 

Bradford 
Bancroft W. D. ' 

Dhar, N. R. 


RtftrtHcts 

J. Amer. Chem. Soc., 51, 1724, 1929. 

Coxnpetut Rendus, 200, 123, 1935. 

Comptea Rendus, 194, 1824, 1932. 

Comp es Rendus, 196, 346, 1933. 

Zeits f Phy., 96, 761, 1935 
Helv. Phy Acta., 7, 658, 1935 
J. Chem. Phy., 14, 608, 1946 
J Acc. Soc. Amer. 18, 488, 1946. 

Roll. Zc.t. 2, 199, 230, 275, 301, 326; Suppl. 2 
LI I; 3, 89,282, 1908. 

Brochem. J. 12, 351, 1918; 15, 553, 1921. 

Colloid Chem., pp. 41. 

J. Ind. Chem. Soc., 5, 309, 1928; 6, 587, 1929; 7, 
367, 1930; 7, 591, 1930. 



ACTION OF LIGHT ON COLOURING MATTERS AND 

THEIR OXIDATION 

By 

N. R. Diiar 

(Department of Chemistry, University of Allahabad, Allahabad, India) 
Photo-oxidation and photo-decomposition of colouring matters. 

In my book‘Chemical Action of Light’ (Blackie & Sons. 1931) it 
was pointed out that the phenomenon of photo-oxidation of organic and 
inorganic substances by atmospheric oxygen is of common occurrence. 
In recent years we have carried on systematic work on the photo-oxida¬ 
tion of carbohydrates, celluloses, fats, glycerol, pentosans and other energy 
materials by air at the ordinary temperature in presence of soil or 
insoluble oxides, phosphates, sulphates, carbonates etc and have shown 
that in these oxidations of energy materials, fixation of atmospheric 
nitrogen takes place, more in light than in the dark. (Dhar. Presi¬ 
dential address, National Academy of Sciences, India. 1935, 1937. 
Proc. National Academy of Sciences, India. 15 (1946), 15. 16, (1947), 6.) 

Dhar and co-workers (£. anorg. Chem. 142, (1925) 299) have 
shown that dyes are solutions or suspensions of unstable substances 
and can be oxidised or reduced. Usually these solutions or suspensions 
when exposed to light are oxidised by the dissolved oxygen and hence 
there is a bleaching of the dye on exposure to light. In presence of 
strong light, specially ultra-violet radiations, some dye solutions or 
suspensions are actually decomposed and lose colour, just as solutions 
of ammonium nitrite, potassium persulphate, trichlor-aceticacid etc., 
are decomposed in light. Even when the dyes are adsorbed on fibres 
photo-reduction of the dyes by cellulose can take place. Moreover 
some dyes adsorbed on cellulose also undergo photo-oxidation on the 
cellulose surface by air, 
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Most of the dyes do not fade in absence of air and fibre. Wool 
and silk are found to exert less reducing action on dyes than cotton. 

It is well known that substances like ozone, hydrogen pero- 
oxidc, ammonium nitrite etc undergo thermal and photo-chemical 
decomposition readily. Similarly explosives which arc very unstable 
substances can also undergo decomposition by increase of tempera¬ 
ture or when exposed to light. Dyes like picric acid and Aurantia 
behave like explosives and fade due chiefly to the breaking of 
the molecules by light absorption. 

On the other hand, most of the basic dyes are free from oxygen 
and contain several carbon and hydrogen atoms in the molecule and 
they can bchav e as reducing agents spot ially in presence of light. Such 
dyes can undergo photo-oxidation by the oxygen of the air and get 
bleached. The basic dyes are less fast to light than acidic dyes which 
are certainly less reducing in their properties than basic dyes. All 
basic dyes contain less oxygen in their molecules than acidic dyes. 
It is generally observed that the presence of unsatnralcd and con 
jugate groups is needed for tne formation of a dye. But these groups 
also make the molecules unstable. Moreover, it is well known that 
the greater the molecular weight of a dye and the greater the num¬ 
ber of unsaturated and conjugate groups present, the greater is the 
depth of its colour. Also the dyes with low molecular weight exist 
in the molecular condition in solution and arc more easily photo- 
oxidised by air than dyes with larger molecular weights which arc 
either insoluble in water or foim colloids and are less liable to be 
photo-oxidised. It is clear, therefore, that a dye can fade due to 
the one or more of the following causes: — 

(1) Photo-decomposition. (2) Photo-oxidation by air. (3) 
Photo-reduction by the fibre or mordant. 

It appears that with basic dyes photo-oxid ition by air is the 
chief cause of fading. But with acidic dyes containing oxygen atoms 
in the molecule there is a greater possibility of photo decomposition 
and photo-reduction than photo-oxidation. 
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In some cases dyes containing oxygen can undergo decomposi¬ 
tion in light by auto-oxidation and reduction just like nitrous acid or 
benzaldehyde according to the equations:— 

3 HNO a -> HNO a + 2NO+H a O 
2 C 0 H 3 CHO + HjO-> C 0 H s CH a OH + C a H 5 COOH 

It is interesting to note that the use of the nitro compounds picric 
acid and Aurantia containing three and six nitro groups in the benzene 
nucleus, as dyes has been given up because they are fugitive but they 
are used as explosive >. Aurantia is used as a staining mitcrial. Many 
years ago D. Eerthclot and H. Gaudechon | Compt reund 153, 1220 
(1911); 154, 201, 514. (1912)] studied the photo-decomposition of explo¬ 
sive, like powders, cordite, nitro-glycerine etc in amounts weighing 
from 0.24 to 0.45 gram and obseived their rapid decomposition to 
gaseous products when exposed to ultra-violet radiations. Such 
decomposition also takes place in visible light at a lower speed. It 
appears, therefore, that organic compounds and dyes containing 
several nitro groups in the molecule may undergo photo decomposition 
an l may prove fugitive. Moreover such dyes containing several oxygen 
atoms in the molecule may also undergo photo-reduction by the fibres 
or mordants which are generally reducing agents, specially cotton, 
which in presence of light exerts more reducing property than wool 
or silk. Hence dyes withscveial nitio groups are not likely to be 
commercially successful because of their fugitiveness and instability. 

It is generally believed that in photosynthesis in plants the follow¬ 
ing compounds according to their inc> easing complexity and mole¬ 
cular weight are produced: — 

Formaldehyde—glucose—complex sugats starch—cellulose-lignin. 

Formaldehyde, glucose, cane sugar, starch etc. have been found 
to decompose in light specially ultra-violet, into different gaseous pro¬ 
ducts in absence of oxygen. Dharand coworkers (Influence of light 
on some biochemical processes. 1935) have shown that all carbohyd¬ 
rates, fats, organic acids, cellulose and even lignin can undergo photo¬ 
oxidation by air and in many cases the nitrogen of the air is alto 
fixed in this process. It appears therefore that organic compounds 
a 49-9-3 
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can undergo photooxidation and photo decomposition specially 
under strong illumination. The ease of photo-oxidation and decom¬ 
position decreases markedly as the molecule, become more and more 
complex. This behaviour is observable with natural and artificial 
colouring substances. Although they are organic substances and are 
liable to be photoche.uic illy oxidised and decomposed, they resist 
these processes pretty well because they are usually derivatives of 
aromatic hydrocarbons and their heterocyclic counterparts have a 
ring structure. More over, most dyes are of large molecular weights 
and are eithe insoluble in water or exist in the colloidal condition 
liaving large molecular aggregates. Once the colouring matter is 
adsorbed on the fibre with or without mordants they are usually 
Stabilised perhaps by rendering them as insolub'e as possible and for¬ 
ming stable adsorption completes. In this connection it is interesting 
to note that the phospho molybdo-tungstic acid lakes formed by 
adsorbing methyl violet and other basic an 1 cyanin dyes make them 
more fast towards light. In other words, the greater the stability of 
the adsorption complex formed with mordants and fibres the greater 
is the stability towards light 

The natural colouring matter chlorophyll A and chloiophyll B 
containing a large number of carbon and hydrogen atoms and an atom 
of magnesium would behave as reducing substances like some of the basic 
dyes and would be liable to photo-oxidation by air. On the other hand, 
the anthocynin colouring substances notably pelargonidin, cyanidin, 
peonidin, delphinidin, malvidin, hirautidin are richer in oxygen than 
chlorophyll and resist photo-oxidation by air better and are more fast 
to light than chlorophyll. Similarly th- following dye stuffs quercetin, 
fisetin etc. have been in use ai yellow mordant dyestuffs from ancient 
times. Qpercetin is still a valuable dye for wool. Luteolin, another 
natural flavone dye is being u^ed for producing a fast yellow shade on 
wool and silk with aluminium or tin mordants. These are more fast 
as they contain more oxygen than chlorophyll and hence resist photo¬ 
oxidation. It is interesting to note that the majority of colouring 
substances both natural and artificial contain nitrogen which makes 
the dyes more stable towards photo-oxidation. 
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Most basic dyes have lower molecular weights than acidic dyes. 
They contain less oxygen than acidic dyes and lienee possess more 
reducing power and are thus li ible to be photo chemically oxidised 
by air. Cotton being more reducing in its properties than wool or silk, 
the basic dyes have greater advantage over acidic ones in the dyeing 
of cotton. 

Most of the azo dyes, both basic and acidic have smaller mole¬ 
cular weights than some other more complex dyes and the weak point 
of the azo dyes is their unstability towards light By increasing the 
molecula • weight of such azo dyes the light fastness increases. Certain 
groups such as the pyrazolone an 1 nitro or sulphonic groups ortho to 
the azo links are beneficial to light fastness. Tartrazine, an acidic dye 
is a bright yellow compound exceeding y fast to light like all 
pyrazolone colours. Auramine hydi oJiloride, a basic dye, is one ol 
the most important synthetic dyestuffs and contains no sulphur. As the 
molecular weight of this substance is not high (303.5), the shade is 
not fast to light. The well known nitro acidic dyestuff Napthol yellow S 
having a molecular weight of 392, used in dyeing animal fibres 
changes colour to a brownish shade when exposed to light. Basic 
azo dyes such as Bismarck brown can be fixed on cotton mordanted 
with tannin and tartar emetic but this method is now of little impor¬ 
tance, On the other hand many azo dyes having suitably disposed 
hydroxy or carboxy groups form inner coordination compounds with 
copper and chromium salts and these are of first importance. They 
frequently possess very high light fastness as well as good washing 
fitness. The thiazole acidic dye Piimuline (molecular weight 475) 
and its diazo salts are not light fast. 

The simpler basic dyes such as magenta and malachite green are 
readily bleached by sunlight which is a serious weakness of most of 
the triphenyl methane group of colouring matters. The molecular 
weight of magenta is 322.5 and that of malachite green is 364.5. On 
the other hand the alizarin cyanin dyestuffs such as alizarin cyanin 
green which is an acidic dye of molecular weight 578 are equal in 
purity of shade to the triphcnyl methane colours and arc very much 
faster to light. It is interesting to note that several triphenyl methane 



70 


N. R. Dhar 


dyes containing negative substituents are faster than the simpler basic 
dyes and some of the sulphonated triphenyl colours arc of great beauty 
and are acid dyes suitable for colouring wool but not very light 
stable. 

Some phenyl and toluidine derivatives of rosaniline have yielded 
well known basic dyes like Victor blue 4R, Night blue and these are 
mainly used for colouring silk. The shades are good but fugitive to 
light. The acid dyes obtained from Rosalie acid, aeriochrome azurol 
B dyes wool a wine red colour and the dye is moderately fast to light. 
The sulphonated Rhodamiues like acid violet 4R or violaminc R or 
violamine 3B ai e much faster to light than the basic rhodamincs. 
They range in colour from violet to blue and are of considerable value 
for dyeing of wool o; «ilk. Fluorescein dyes with low molecular 
weights,although acidic ones, arc fugitive towards light. The halogenat- 
ed fluoresceins aie most beautiful artificial dyes but arc not light fast. 
Rose Bengalc and crythrosine arc of value for sensitizirg photographic 
plates to green and yellow light. These dyes are frequently mixed 
with the isocyanin dyes for improving their sensitivity towards light. 
When flavanthronc is treated with alkaline sodium hydrosulphite at 
65° a violet blue colouring matter for dyeing cotton substantively is 
produced. When the dyed fibre is exposed to air the blue colour 
changes to brilliant yellow by oxidation but the colour is not fast to 
light. On the other hand, the acid dye Indanthrene golden orange 
G gives a purple shade on cotton which when oxidised becomes a light 
fast orange dye. It is interesting to note that the following colouring 
matters are being used as light filters and for absorbing radiations 
of different wave lengths in all kinds of optical work : - 

Fluorescein, Rhodamine B, Nitroso-dimethylaniline, Triphenyl 
methane, Methyl violet, Methyl green, Picric acid, Crystal violet, 
Double green, Violet yellow, Aesculin, Guinea green B extra, Chrysoi- 
dine, Eosin, Tartrazine etc. On long exposure to light some of these 
dyes undergo photo-oxidation or decomposition. 

In dyeing by the two famous colouring matters of the ancient 
vyorld—Tyrian purple and Indigo—oxidation of the colouring matter 
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by air in presence of light played a very important part. If cotton is 
continuously exposed to sunlight, it loses strength due to partial oxida¬ 
tion. This is particularly true of curtains, which may appear in per¬ 
fect condition when hanging at the windows but when taken down may 
fall apart in spots where sunlight has reached them. 

The photo-decomposition of chloiophyll solution was probably 
first observed by Sencbier in 1788. He noted that solutions of chlo¬ 
rophyll in acetone, alcohol, benzene and ether were rapidly decolourised 
by light in presence of air. Gaffron (Ber. 60 B, (1927) 2229) has shown 
ihat under the influence of light a solution of chlorophyll in acetone 
absorbs oxygen with gradual oxidation of chlorophyll. Wurmser 
Arch. Phys. Biol. I, No. 3, Sept. 1921) bus studied the photo-dccompo- 
.ition as a function of the wavelength of the light used. He found 
out that the amount of decomposition which takes place depends only 
on the amount of energy absorbed and is independent of the wave¬ 
length. He also concluded that the decomposition is an oxidation 
process. Chlorophyll is not so susceptible to photo-decomposition in 
the living leaf as it is in solutions in organic solvents. If water is added 
to an acetone solution of chlorophyll, a colloidal solution is formed 
and in this condition the stability of chlorophyll in presence of light is 
much increased. Wurmser found that addition of very small percentage 
of colloids such as casein, gelatine, albumin and gum arabic, made 
a solution of colloidal chlorophyll much more stable in presence of 
light. The addition of starch had practically no effect on the stabi¬ 
lity of chlorophyll. As a result of these experiments Wurmser sugges¬ 
ted that the chlorophyll in the living leaf is probably protected against 
photo-decomposition and photo-oxidation by the presence of colloids. 
Albers (Phys. Rev. 46 , 1934, 336) lias shown that the photo-decom¬ 
position of chlorophyll increases with increase of temperature. This 
would indicate that the photo-decomposition of chlorophyll is not 
entirely photochemical. 

Knorr and Albers {Phys. Rev. 47, 1935, 329) have shown that the 
fluorescence of chlorophyll vanishes as the solutions are bleached 
that the chlorophylls and their derivatives decompose under 
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the action of light in acetone solutions and in an atmosphere of oxy¬ 
gen, carbon dioxide or nitrogen. The relative intensities of the indi¬ 
vidual absorption bands of chlorophyll change considerably during 
the photo-decomposition and photo-oxidation but the position of 
the bands does not shift. It is clear therefore that in the case of chlo 
rophyll there is photo-decomposition as well as photo-oxidation in 
acetone and alcoholic solutions. 

The experiments of Knorr with chlorophyll and its derivatives 
dissolved in acetone show that these arc true cases of photo-decom¬ 
position and perhaps photo-reduction also by the reducing substance 
acetone because oxygen does not help the loss of fluorescence. From 
theabove observations it is clear that chlorophyll occurring in the state 
of solution undergoes photo-decomposition, photo-oxidation and photo- 
reduction more readily than chlorophyll existing in the colloidal 
state or protected by colloidal substances like casein, gelatine or gum 
arabic. This conclusion is supported by the observations of Dhar 
and Bhattacharya (J. Indian Chem. Soc. 4 , 1925, 299) on the bleaching 
of different dyes in air and sunlight aided by zinc oxide as a photo¬ 
catalyst. About forty dyes were investigated and the dyes can be 
classified according to their bleaching in three categories :— 

1. Readily bleached :—Crystal violet, methylene blue, ethyl green, 

nile blue, azolitmin, aniline blue, nigrosine, gen¬ 
tian violet, malachite green, methyl violet, eosin 
and fluorescein 

2. Not readily bleached: —Indigo-caramine, rhodamine, erythrosine, 

uranine, acridine red, congo red, aurine, magenta, 
aniline yellow, methyl orange, purpurin, tropeolin, 
aesculin, thioflavine. 

3. Not bleached :—Alizarin blue, water blue, cupric blue, victoria 

blue, pyronine, rose bengale, aniline red, aura- 
mine, aniline scarlet, theonine, corcus red, 
rosaniline, acridine orange and acridine yellow. 

Among those which are easily bleached are chiefly the basic 
dye# and which exist generally in the dissolved condition and their 
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molecular weights are lower than those of acid dyes. The following 
basic dyes are not much bleached : 

Thioflavine, rosaniline, acridine orange, acridine yellow, 
auraminc, magenta, acridine red, pyroninc, aurinc, rhodaminc, 
crythrosinc, victoria blue. Most of these dyes arc pai tially colloidal 
in water. 

The following are acid dyes and exist in colloidal state; these 
arc not very much bleached : — 

Alizarin blue, uranine, con go red, aniline red, aniline yellow’, 
methyl orange, purpurin and tropeolinc. 

The aqueous solutions of substantive dyes tend to be colloidal 
while those of the non substantive dyes usually give molecular solutions. 
Benzopurpurin 4B a strongly substantive dye and the isomeric 4:4- 
diamino 2:2 toluidinc analogue, a feebly substantive dye have beenfound 
by Robinson and Mill to have complex anions in solution, but those 
of the substantive dyes are much larger. 

The adsorption of a dye by a fibre depends upon the size of the 
dye particle. If the particles are too small, i.e. if they approach the mole* 
cular dimensions the adsorption on the fibre is not much pronounced. 
On the other hand if the particles are loo big, they may not form a 
uniform layer on the fibre. Hence particles resembling the picci- 
pitate condition or those in the dissolved conditions should not make 
good dyes. Particles of intermediate sizes should form better dyes. 
This view explains the usefulness of adding sodium salts in dyeing. 
It has been shown by Dhar and Chatterji (Koll. Z. 1925, 37,89) 
that various sols can be adsorbed by their freshly obtained precipitates. 
Similarly barium sulphate and other substances can act as adsorbents 
of colloidal matter. But such precipitates do not show much adsorp¬ 
tion for substances in the molecular or ionic condition. It is clear, there¬ 
fore, that the textile fibres can adsorb dyes in colloidal condition more 
than those in molecular condition. 

Dhar and coworkers (J. Indian Chem. Soc. 6, 1929, 145) have 
determined the extinction coefficients and dccolourisation, energetics 
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of the photochemical bleaching of Neocyanin (Kodak) by oxygen of 
air. This colouring matter shows mai ke d light absorption in the red and 
infra-red side and the velocity of the photochemical bleaching is largest 
in the regions 3704° A and 8500° A where the light absorption is also 
maximum. The bleaching is proportional to the square root of the 
changes in light intensity and the temperature coefficient of bleaching 
varies from 1.04 to 1.30 and the quantum efficiency changes from 
1 to 4 depending upon the wavelength of light. 

The bleaching of very dilute solutions of Dityanin by oxygen 
of the air in light was also investigated by Dhar and Mukerji (J. Phys. 
Chcm. 33, 1929, 850) The reaction is unimolccular and the temperature 
coefficient is about unity and the quantum yield varies from 0.5 to 2.0. 

The bleaching of Chinaldin cyanin, pinachrome cyanin, lepidin- 
cyanin, Pinaverdol in collodion films was investigated by Lasareff 
(Ann. Physik 24 , 1907, 661) and the bleaching has been attributed 
to the oxidation of the dye by oxygen .From the data of Lasareff, 
Bodenstcin (t bid. 37, 1912, 812) concluded that the quantum yield 
is much smaller than unity. Apart from this photo-oxidation there 
is a photo-chemical decomposition of the dye, as well as an interaction 
of the nitro cellulose of the collodion and the dye in presence of light 
The temperature coefficient of the reaction is almost unity. 

Waviloff (£. physik. Chem 100 , 1922, 266) studied the bleaching 
of pinaverdol, cyanine, lepidinc cyanin and chinaldincyanin in the 
dark between 60* and 120* in collodion film. It seems that a reaction takes 
place between the nitro-cellulose and the dyes at this high temperature. 
There is no bleaching of the solid dye at this temperature interval 
in the absence of collodion. The temperature coefficient in the ther¬ 
mal process is two. 

Weigert (£. Physik 5, 1920, 410), Predwoditelcff and Netscha- 
jewa (ibid 32, 1925, 226) observed that the initial rate of bleapfyin^ 
of these dyes in collodion films on illumination is proportional to )( the 
light absorbed when the concentration of the dye is very small. Whcjn 
the concentration of the dye is increased the velocity becomea a periodic 
function of the dye concentration. 
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Zchodro {J. chim. phys. 29, 1929, 59) has shown that the electric 
conductivity of the collodion films coloured with cyanin, pinaverdol 
or pinachrome increases on illumination but no increase is observed 
when the film has become decolourised. When illumination ceases 
the electric conductivity gradually decreases. 

Chemiluminescence in the oxidation of dyes. 

The glow observed when different dyes and oiganic substances 
are oxidised by ozone or hydrogen peroxide has been investigated 
by Dhar and coworkers (Z. anorg. Chem. 173, 1928, 125) with the 
following results :— 


Dyes. 

Solvent. 

wavelength of light emitted 

Eosin 

Methyl alcohol 

6020 to 5320 °A. 

Uranine 

Ethyl alcohol 

5860 to 5030 „ 

Neutral red 

Methyl alcohol 

6050 to 4650 „ 

Rhodamine B 

Ethyl alcohol 

6170 to 4670 „ 

Thioflavine 

Ethyl alcohol 

5700 to 4690 „ 

Gartharamine 

Methyl alcohol 

6650 to 4580 „ 

Rhodamine BJNN 

Ethyl alcohol 

6190 to 4620 „ 

Erythrosin 

Ethyl alcohol 

6060 to 5310 „ 

Gartharamine 

Ethyl alcohol 

6050 to 5860 „ 

Rhodamine 

Ethyl alcohol 

5910 to 5530 „ 


The foregoing flouresccnt dyes gave out the best glow amongst 
the numerous dyes investigated by us. When ozonised oxygen is passed 
through solutions of the following fluorescent and non-fluorcscent 
substances a glow is also observed but the intensity of the glow is less 
than that obtained with the first group of fluorescent dyes :— 
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Methyl blue, alizarin, resorcinol benzene, azure eosin, rose 
bengale, theonine, methylene blue 2B, chlorophyll, resorcinul sucti- 
nyl, resorcinolacetonedicarboxylene, gallein, fluorescein alkaline and 
aesculin. 

There are several other dyes in which the glow was less intense 
than in the two previous groups. We have also observed that several 
dyes, when oxidised by hydrogen peroxide and ferrous sulphate become 
luminous. In this case both fluorescent and non-fluorescent dyes 
when oxidised by hydrogen peroxide and ferrous sulphate give out 
glow. 

It is interesting to note that the glow on the oxidation of dyes 
is intense when the dyes are fluorescent. The chemiluminescence 
spectra of Rhodamine B extends fiom 6170 to 4670°A. and the fluo¬ 
rescent spectrum recorded by Kautsky and Neitzke (£. Physik. 31, 
1925, 60) consists of lines from 6680 to 4400°A. Hence it appears 
that the chemiluminescence spectra and fluorescent spectra of Rhoda¬ 
mine B are not altogether identical as has been assumed by Kautsky. 
Numerous fluorescent and non-fluorescert substances give out glow 
when oxidised by ozonised oxygen or hydrogen peroxide and ferrous 
sulphate and the glow is intensified by warming the solutions. But 
the view advanced by Jorissen (Chcm. Weckbend 1, 1904, 789) andMoureu 
and Dufraisse (Reports of Solvay international council of chemistry 
Brussels, 1925, page 524 ) that slow oxidation is always accompanied 
by luminescence is not correct because there a*e numerous substances 
which can be oxidised cither by oxygen or hydrogen peroxide or 
ozone and do not emit a glow. The intensity of the glow given out 
in the oxidation of dyes becomes less with the increase in the concen¬ 
tration of the dye. The late Professor J. Perrin reported (Ann. d. 
Pips. (9) 10, 133 ,1918) Compt. rend 177, (1923, 714) that the in¬ 
tensity of fluorescence of substances decreases considerably as the solu¬ 
tion is concentrated. He also advanced the view (ibid. 178,1924, 
1401) that the phenomenon of fluorescence is caused by the decom¬ 
position of the molecules of tne fluorescent substances. In other words 
Pfcrrin included fluorescence in the domain of chemiluminescence. 
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Wood (Phil. Mag. ( 6 ), 43 , 1922, 757) supported the hypothesis of Perrin 
from his experiments on rhodaminc. 

It is observed that an aqueous solution of aesculin in contact 
with the atmosphere loses about 60 per cent of its fluorescing power 
when exposed in a glass tube to the radiations of a mercury arc foT 
one hour. The active wavelengths are longer than 3300°A. in 
this case. In an evacuated glass tube the fluorescence power remains 
constant during an irradiation peiiod of 30 hours. In a quartz tube 
evacuated and sealed off, the intensity of the fluorescence decreases 
after 2 hours to 19 per cent of its initial value. This loss is due to 
the photo-decomposition of aesculin by the absoiption of the mercury 
lines of wavelengths below 3300°A. As a general rule it can be 
stated that the organic and inorganic fluorescent materials are much 
less subjected to fading if they arc cai efully protected from oxygen 
and in some cases from water vapour. 

It is generally found that the closed ring structure of the dye 
is associated with the appearance of fluorescence. Only 85 out of the 
1450 dyestuffs listed in the colour index give out fluorescent light. 
None of the large group of dyes included in the azo dyestuffs is fluo¬ 
rescent. The most brilliantly fluorescent compounds flourescein 
eosin and rhodamine belong to the xanthene group. Euchrysine, 
trypaflavine, choriphosphine in the acridine group, primulin and thio- 
flavine in the thiazole group, magdala red and safranine in the azine 
group and some indanthrenc dyes show marked fluorescence and 
they all contain a closed ring structure. On the other hand, the open 
bridge compounds like auraminc, malachite green or crystal violet 
are not fluorescent. 

It seems that although the closed ring structure adds more sta¬ 
bility towards photo-chemical oxidation of the dyes than the open 
chain compounds like malachite green but the fluorescent dyes are 
liable to be photo-chemically oxidised by oxygen of the air and in this 
respect they behave like chlorophyll. 

Weigert (£. Physik. 10 , 1922, 349), McLennan and Miss Cale 
(Proc. Roy. Soc. 102 A, 1922, 256) Miss Kearney (Phil. A4ag. 47 , 
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124,48) Pringsheim (£. Physik 10, (1922) ,176) and Chakravarti and 
Dhar (£. anorg. Chem. 142, 1925, 299) and Beese and Marden 
(J. optical Soc. Am. 32 (1942), 317) showed that the bleaching 
of fluorescent substances is not caused by fluorescence but is due to 
to the photo-oxidation of the organic compounds by oxygen of the 
air. Hence the bleaching of the dyes on exposure to light is in most 
cases due to photo-oxidation and in some cases when the illumina¬ 
tion is intense the photo-decomposition of dye can take place. This 
phenomenon of fading has nothing to do with the fluorescence of 
substances. 

We have shown that the solutions of ammonium nitrite, when 
exposed to light and air in the presence or absence of substances 
like silica, zinc oxide or titanium dioxide undergo two types of changes, 
photo decomposition and photo oxidation according to the equations; 

NH* NO t -*N 1 +2H a O 
and NH 4 N0,+0,->2NH 4 NO. 

Many dyes also can undergo photo-oxidation and photo-dccomposi- 
tion like ammonium nitrite, the difference being that in the case of 
ammonium nitrite the photo-decomposition is more pronounced than 
the photo-oxidation, while with the dyes photo-oxidation is more pro* 
nounced, specially with basic dyes, than photo-decomposition. It 
is clear, therefore, that the phenomenon of fluorescence of colouring 
matter cannot be included in the realm of chemiluminescence. 

Qjhs as Pkoto’Sinsitiztrs and Dtstnsitiztrs. 

In 1873 Vogel discovered accidently that photographic plates 
stained with a yellow dye showed a maximum sensitivity to light in 
green instead of the blue region of the spectrum. Bccquerel in 1874 
found that chloroph)U had the same effect. In 1875 Water-house 
observed that eosin’s a powerful sensitizer for green and yellow light. 
The associated dyes rose bengaleand erythrosin are still used for this 
purpose. 

It is well known that at present colouring matters are extensively 
used in increasing the sensitivity of photographic plates. It hat been 
observed that a maximum of sensitiveness coiresponds to a ma xi m u m 
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light absorption. The photographic plates become sensitive to the 
rays absorbed by colouring matters. But all coloured substances 
cannot act as optical sensitizers. In Older that a coloured substance 
may be active, it is necessary that it should be absorbed by the silver 
halide and must be able to exert a reducing action on the silver salt. 
Among the substances possessing an optical sensitizing power the 
following arc important: — 

For the greenish blue—Chrysaniline, acridine yellow, uranine. 

For the yellowish green—Eosin, erythrosin, quinoline red. 

For the orange -Cyanine, methyl violet. 

For the orange red-Nigrosine, pinacyanol. 

For the red and infra-red—Dicyanin, Neocyan in, Kryptocyaninc 

All these substances do not have the same importance. Eosin 
and erythrosin which show the maximum of absorption in the yellow 
green part of the spectrum are very convenient for the purpose of 
sensitization to visible light. Cyanine which absorbs specially in the 
orange increases the sensitiveness to red light better than eosin, but 
it has a tendency to fog the plates as it exerts a marked reducing action 
on the silver halide and hence is seldom used without mixing it with 
other sensitizers. Most of these sensitizers are basic dyes containing 
iodine and can act as reducing agents specially in presence of light. 
Hence they perform dual functions, i.e., marked absorption of visible 
light which helps in the decomposition of silver halide, and photo- 
reduction of the silver halide. Both these functions arc prominent 
in the phenomenon of photo-sensitization. The colouring matters of 
leaves chlorophyll-a C M H 7> O a N 4 Mg., chlorophyll-b C w H w O, 
N # Mg ., xanthophyll C«> H M O, and carotin H w , no*, only 
absorb visible light markedly but also being reducing agents exert 
reducing action on the carbonic acid and help in carbohydrate pro¬ 
duction. 

For colour photography by the Lumiere process, it is necessary 
that the emulsion should possess as uniform a sensitiveness as possible 
W> all parts of the spectrum. Panchromatic plates can be obtained 
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by sensitizing the ordinirv plates with orthochrome-T or ethyl red, 
both of which possess two maxima of absorption, one in the green and 
the other in the yellow. 

The blue lepidine cyanines extend the sensitivity into the led. 
Orthochrome-T (p-toluquinaldin-p-toluquinoline ethyl cyanine) gives 
a very uniform sensitization, whilst pinachrome (p-ethoxy quinaldine 
p-ethoxy quinoline ethyl cyanine) sensitizes upto 6500°A. pinaverdol 
(p-toluquinaldine quinoline methyl cyanine) is particularly effective 
in the green and yellow. Tiue panchiomatic sensitivity is obtainable 
with pinacyanol and ethyl cyanine, both being effective in 6C00-°A. 
Dicyanin and neocyanine are useful right upto the extreme limit of 
visible red and the near infra-red, without causing undue predomi¬ 
nance at the other end of the visible spectrum. ‘Homocol 5 and 
‘Isocol’ produced by the Baeycr company are of this type. Krypto- 
cyanin acts as a good sensitizer for the near infra red rays. It is effica¬ 
cious upto 8500°A. and dicyanin even beyond 9000°A. One of 
the carbocyanines Xenocyanin gives a maximum sensitivity at 9660°A. 
and extends upto 13500°A. 

Pinaverdol and Orthochrome-T are generallv very rapidly de¬ 
colourised on exposure to light ip aqueous solutions or thin films and 
they are basic dyes. They can be applied to tannined cotton but 
are mainly used for sensitizing photographic plates towards green 
light. 

The isocyanines are reddish purple dyes but too costly and fugitive 
to be of value for application to fabrics. They sensitize photographic 
plates upto the orange. The most e\ en and rapid sensitization is 
caused by the methyl compounds and this action becomes less pro¬ 
nounced when larger alkyl groups arc used as substitute. This shows 
clearly that light sensitiveness generally decreases with increasing 
molecular weight. Amongst the isocyanin compounds the most valu¬ 
able ones are ethyl red, sensitol green cr pinaverdol. The carbo¬ 
cyanines sensitize photographic plates in the yellow red parts of the 
spectrum and are more active than isocyanines. Unlike the corns* 
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ponding isocyanines, the methyl carbocyanines are poor sensitizers. 
The ethyl derivatives are the best and the higher alkyl derivatives fall 
off in value as the series is ascended. This shows again that an in¬ 
crease in the molecular weight makes the dye more stable. The most 
valuable substance of this class is Pinacyanol or sensitol Ted which is 
1 :1 diethyl 2 : 2 carbocyanine iodide. 

The thiocarbocyan ines are bluish red or purple dyes. They can 
be applied to tannined cotton but are mainly notable for their power¬ 
ful sensitizing action on the photographic plate. Similarly oxacaTbo- 
thiocyanines with oxygen in place of sulphur have also been obtained 
and used as photo-sensitizers. 

The indocarbothiocyanines, notably Indolenine red is a pure and 
coloured dye fast to acid and alkali but only moderately fast to light. 
In its dyeing properties it resembles Rhodamines. The Apocyanines 
constitute an exceptional class of substances in which two quinoline 
nuclei are directly combined. Recently carbocyanine dyes have been 
prepared with larger polymethine chains containing two heterocyclic 
nuclei. These include the dicarbocyanine with a connecting chain 
CH : CH C Br :CH. GH and the tricarbocyanines. The absorption 
spectra maximum and the production of maximum photographic 
sensitivity are both nearer to red end of tlic spcctium than in those 
of the corresponding simple carbocyanines. 

The cyanine dyes including isocyanine, cai bocyanine, thiocaibo- 
cyanines, indocarbocyanines, oxacarbocyanines, apocyanines have been 
largely used as photographic sensitizers. The best known amongst 
them have already been named. All these substances arc rich in 
carbon and hydrogen and do not contain any oxygen but are usually 
iodo-derivatives. Apparently they behave as reducing agents and are 
likely to be unstable like iodoform and undergo photo-oxidation 
by air. Hence they are suitable as sensitizers and act as great absor¬ 
bents of ligiit and exert reducing action on the silver halide of the 
photographic plate. Similarly Rose Bengale, cosin, erythrosin also 
act as photo-sensitizers, for although they contain oxygen, they are 
rich in carbon and hydrogen and thus exert reducing action on the 
silver salt. 
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Aurantia which contains six nitro groups can act as a photo* 
graphic desensitizer. Being an unstable substance it can undergo 
decomposition in light and is not reducing in its properties like photo* 

sensitizers. The following substance has also been found to be a de¬ 
sensitizer. 



3 : 1 Dialkyl 8 :9 diazothia-2 carbocyanin perchlorate. 

The function of the desensitizer appears to be as follows :— 

The light energy absorbed by the desensiti2er is dissipated as 
soon as possible without reacting on the silver halide molecule. The 
desensitizer forms a stable adsorption complex and probably comp¬ 
letely covers the silver halide molecule and does not exert any reduc¬ 
ing action on the same. 

In case of Aurantia, the desensitizing effect may be due to the 
absorption of light by the molecules and their consequent decom¬ 
position, thus the absorbed light is completely dissipated without affect¬ 
ing the photographic emulsion. The action of other desensitizing 
agents may be explained in the same way. In some cases, however, 
the light absorbed bv the dye is converted into heat immediately. 
Phenosafranine has been used as a desensitizei for a long time; it can 
markedly absorb visible light and is not a reducing agent. Just as a 
large number of NO t groups present in a dye make it unstable, simi¬ 
larly a large number of iodine atoms in a molecule is likely to make a 
dye also unstable. It seems, therefore, that such iodo compounds 
after absorbing light can break up and thus dissipate the light energy 
absorbed and should be able to act as desentitizers. Similarly the per- 
chlorate 3 :1 dialkyl 8 :9 diazothia 2 carbocyanin perchlorate may 
be unstable like Aurantia and may break up by light absorption. 
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The preparation of cyanin dyes containing nuclei otl cr than 
the original one, i.e., quinoline, gTcatly enlarges the field of this grou 1 
of dyes as did observations that the new type of cyanins hud valuable 
photographic properties. The cyanine dyes of long ch« ins have made 
possible the preparation of infra-red sensitive photographic materials 
which are used for long distance photography and also for their power 
of conferring sensitivity to light of various colours. This has made 
possible a true rendering of colours in monochrome and led to a great 
increase in speed, specially to artificial light. The high achievements 
of modern photography arc, in fact, largely due to photographic 
sensitizers of which cyanines are amongst the most important. Sensi¬ 
tizers have also made possible the tcchnicolour pholograpl y 

Isocyanines have appevred in the market mulct the names, ethyl 
red, Homocol, Isocol,orthochrome-1’, pericol, pinaehrome, pinachrom • 
violet, pinaverdol and scnsitol green; whilst cyarines are marketed 
under the names of ethyl cyanin-T and quinoline blue. 

Fuchs ( Chem . %tg. 57, 1933 , 853 ) pointed out that certain sensi¬ 
tizers containing benzthiozole nuclei are superior to the older cyanines 
in that, they inhibit chemical fog because they are less reducing in their 
action on the silver halide. This is also confirmed by Sobolev, Bonda¬ 
reva and Evtecva (J. Appl ■ (firm. Rvssia, 9, 1936 , 335 ) who com¬ 
pared the sensitizing action of vaiious substituted cyanines containing 
benz and naptha-thiozolc nuclei. With complex compounds of tungs¬ 
tic or molybdic acid, the indocyanines and indocarbocyanines give 
coloured lakes which are fast to light. 

The I. G. Farben Industries state that indoxyl carbocyanines 
are specially good photo-sensitizers. 

Beattie, Heilbron and Irving (J. Chm. Soc. 260, 1932) found 
that whilst the halogcno-carbocyanines arc sensitizers for the deep 
red or the near infra-red, the corresponding nitro-dicaibocyanines 
possess desensitizing properties. 

The neo cyanines sensitize into the deep infra-red. The azocya- 
nines are dyes with colours varying from yellow to deep red in solution 
and can act as photographic desensitizers. According to Brooker and 
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Keys (J. Franklin Ins. 210, 1935, 255) the furthest photographic excur¬ 
sions into the infra-red have been made possible by the discovery of 
long chain tetra- and penta-carbocyanines. On comparing the cyanine 
dyes, the paradimethyl aminobenzyl-benzylidin, quinaldine ethi- 
iodide and paradimethyl amino anil of quinaldialdine aldehyde ethi- 
iodide on one hand and on the other hand paradimethyl amino-ben- 
zaldine-0 naphtha quinaldine ethi-iodide and the paradimethyl 
amino anil of fl-naphtha-quinaldine aldeyhyde-ethi-iodide, it is found 
that the replacement of : CH by : N had the effect of broadening the 
absorption band, decreasing its intensity and shifting it towards the 
red. If the linking is by a : CH group, which is reducing in its action, 
the dye is a photographic sensitizer, but if replaced by a nitrogeti 
atom it possesses desensitizing properties. This appears to be a gene¬ 
ral rule. It is clear, therefore, that both photographic sensitizers and 
desensitizers must possess strong light absorption power. But the 
sensitizer is much more reducing in its action. 

It is well known that the ordinary photographic plate is not sensi¬ 
tive to ultra-violet light of radiations shorter than 2200° A. and 
this has been attributed to the absorption of the incident radiation 
by gelatine. 

Schumann (Ann. der Phystk. 5, 1901, 349) showed that plates 
made with as little gelatine as possible were sensitive to radiations of 
wavelength 1250 to 2200° A. It is clear, therefore, that in ordinary 
photographic plates, short ultra-violet light is completely absorbed 
before it can reach the silver halide. These observations throw consi¬ 
derable light on the functions of photographic desensitizers which like 
gelatine actually absorb the whole of the incident light before it can 
reach the silver halide. All desensitizers irust be capable of absorb¬ 
ing the incident radiations almost as completely as possible, so that 
none of the incident radiations can penetrate and affect the silver 
halide on the photographic plate. 

The fogging action of some sensitizers on photographic plate is 
chiefly due to the reducing action of the sensitizer on the silver halides. 
All sensitizers which are readily bleached by absorption of oxygen in 
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presence of light are the ones which geneiallv fog the photographic 
plates. 

In this connection the obseivations of Padoa and Meivini (Atti 
R Acad Linen 25, 1916, 168^ showing that the action of hydtoqmnonc 
in developing photographic plates is not only accelerated at higher 
temperatures but the silver bromide which has not been affected 
by light is also reduced and the plate becomes foggy, aie ot great 
interest. 

It has been already stated that basic dyes aie moicieducing in 
properties than acid dyes and aie less fast than the acid dyes. More¬ 
over more basic dyes are used as photosensitizers than acid dyes because 
basic dyes not only absorb light but al«o reduce the silver halide 
specially in light These observations are supported by the results 
obtained by Schmidt (Z Wiss. Phot. 26, 1928, 86) who has reported 
that with photographic plates sensitized with basic dyes, there is more 
marked reduction in the sensitivity than with acid dyes, when the 
plates are treated with potassium chromate and sulphuric acid ; the 
reason is that the basic dyes absorbed by the silvei halide aie more 
leadily oxidised by the chromic acid than aie the acid dyes which 
are less reduc ing in their properties. 

The tetra- and penta caibocyanines are excellentphoto-sensitizei i 
but are unstable dyes and the stability decreases as the chain is elon¬ 
gated c 

Because of the very gTeat importance of cyanine dyes in photo¬ 
sensitization and desensitization numerous complex cyanine dyes 
including isocyanines, thiacyanines, thiacarbocyanines, symmetrical and 
imsymmetrical carbocyanines, oxacyanines, oxacarbocyaninc% selena- 
ryanincs, selena-carbocyanihcs, thiazolecyanines, thiazole carbocya¬ 
nines, oxazole cyanines, selana-zolocyanines, thiazolino carbocyanines, 
neocyanines, apocyanines, aZacyaninesi, etc. have been piepared and 
their properties studied with great vigour in many countries. 

The great increase in speed of panchromatic emulsions witnessed 
in recent years has been largely due to the new technique of 'super 
sensitization'. That it is possible to attain sensitization by the addi- 
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tion of such super sensitizers greater than the sum total of the individual 
sensitizers, is claimed by C. E. K. Mecs. An alcoholic solution of 
the sensitizer and the super sensitizer is diluted with water and added 
to the emulsion. As for instance, ten parts of pinacyanol may be 
super sensitized with one part of pinaflavol, the region of response 
induced by each overlapping. The net effect is to obtain greater 
speed in sensitized region than the sum of the two sensitivities conferred 
by ea< h separately. Another example is that of a thiacarbocyanin, 
super sensitized by the addition of 8—alkyl diabenz-thiacarbocyanin. 
It seems that in such cases the light absorption by the mixture is greater 
than the absoiptiors of the two sensitizers estimated separately 
(Compaie Dliar and co-workers J. Indian Chm. Soc. 11, 33, 311, 
629 (1934), 17,673 fl9401. 

The amount of these sensitizers added to an emulsion is 
small as compared with fluorescein salts. About 0.05 per cent of the 
weight of silver bromide would be used in the case of pinacynol; 0.07, 
per cent in the case of pinachromc, orthochrome-T or pinaveTdol. 
These dyes absorb light very markedly and are all rapidly decolourised 
on exposure to light in form of aqueous solutions or thin films. 


SUMMARY. 

1. Basic colouring matters usually contain large number of carbon and 
hydrogen atoms and behave as weak reducing agents and are oxidised by the oxygen 
of the air, specially in presence of light and thus become light fugitive. 

2. Acidic dyes are richer in oxygen than the basic dyes and are not oxidized 
by atmospheric oxygen as much as the basic dyes. 

3. In general basic dyes have smaller molecular weights than acidic dyes. 
The greater the molecular weight of a dye, the greater is its stability towards photo- 
oxidation. 

4. The acidic dyes exist when mixed with water mostly either as finely divided 
particles insoluble in water or colloidal aggregates. The banc dyes usually exist in 
the molecular condition when dissolved in water. 

5. The naturally occurring colouring matters contain more oxygen than the 
artificial basic dyes and resist photo-oxidation specially when they are in the colloidal 
condition or protected by other colloids. 
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6 When fluorescent and non fluorescent colouring matter* in alcoholic and 
aqueous solutions are oxidized bv ozone or hydrogen peroxide and ferrous sulphate, a 
glow is observed The glo* is more proiounced with fluorescent colour ing sub- 

stinres The bleaching of fluorescent colouring niatteis is not ciused by their fluo¬ 
rescence but is due to their photo oxidation or photo decomposition 

7 A colouring matter can fade due to (1) photo-decomposition, (2) photo- 
oxidatton by air, (3) photo reduction by the fibre or the mordant 

ft Photo sensitisers pla> a very important pirt in modem photogi iphy lhe 
folounng matters used as photo sensitizer ptiform dual functions, i e , act as a 
marked absorbent of visible light ind exert ieducing iction on the silver halide 
Photo-sensitizers are usuilly basic dves 

t Photographic desensiti/crs arc ils> go )d ibsti bents rf hgl t hut cannot 
xert reducing action on lhe silver halide The desensitizing effect is chiefly due 
to the complete ibsorption of light by the desensitizing colouring matter Thus 
the 1 ght cannot reach and affect the silvei halide In the case of some desensitizers 
the absorbed light breaks up the desensitizer molecules and is completely dissipated 
lieforc it reaches the sihrr halide particles 
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This paper gives a report of the experimental work on the flow 
of air through chinks in the case of ( 1 ) stationary and ( 2 ) vibrating 
reeds. The production of sound waves by the periodic efflux of atr 
through the variable chink of a vibrating reed is a well known pheno¬ 
menon and has applications as acoustical sources. The present 
experimental work was undertaken to determine the nature of air flow 
as it comes out of the chink and the resulting pressure changes in the 
outer regions of the flow. We have found a zone of*negative pressure 
on the rear side of the reed showing that Kiichoff s law of flow are not 
obeyed. Similar zones have been observed earlier by Fage and 
Johansen (1927) in the case of flow behind an inclined flat plate. 

We have also studied for the first time the variation of jressure 
with time near the chink. By taking into account the effect of viscosity 
on air flow and by a modification of the theory of Ghosh (1946) on 
maintained vibration, we have been able to account for the phenomena 
in a general way. There is a good similarity between the experi¬ 
mental and theoretical curves which suggests that viscosity does play 
an important part in the flow of air. 

The experimental work was divided into two parts. In the first 
part measurements of velocity of flow were taken and in the second 
pressures at different points were measured. These observations were 
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taken for both stationary and vibrating reeds. Study of variation of 
pressure with time has been done by oscillographic method. 

To achieve these the outlet end of a wind tunnel was closed with 
a wooden disc to which was screwed a small wooden box. There was 
a rectangular slit in the wooden disc to allow wind to enter the box 
and in order to minimise the streaming motion from the wind tunnel, 
waste cotton padding was inserted in the proper places. This was 
done to simulate the condition of the case of hat monii m reed vibrator 
where static pressure is developed with the help of bellows By this 
device sufficient pressure was developed within the box. The magni¬ 
tude of the pressure developed in the box was adjusted by the «peed 
of the blow'er. 

The reed vibrator was housed in a slot 1*X4J* made in a 
brass plate 1/8" thick which was screwed to the lid of the box. The 
reed was arranged to be in flush with that surface of the brass plate 
which faced the interior of the box and thus chink was formed when the 
reed moved towaids its inward position. In the case of stationary reed 
observations it was kept slightly inclined to the plane of the slot so that 
air would issue out through the chink which was formed along the 
length and the tip of the reed. Observations were taken over the reed 
at different points in one plane The observations were repeated for 
planes at different heights. 

Velocity Mfasurfmfnts 

For measurements of velocities a hot wire anemometer was used. 
As the direction of air greatly influences the cooling effect, the anemo¬ 
meter wire was placed in such a manner that the wire was always 
normal to the wind flow in which position the cooling effect is 
maximum. This was assured by placing tl e wire parallel to the longer 
edge of the reed. Length of the anemometer wire was chosen to be 
suitably small in order that it may record air flow at a point which 
may be taken to be the middle point of the wire. Further the leads 
to the wire were oriented practically parallel to the dilection of wind 
flow in order that they may produce least disturbance at the point of 
observation. The current through the anemometer wire was adjusted 
with the help of a series variable resistance such that in the absence of 
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any air flow, the anemometer wire became red hot. The current was 
noted. The potential difference E 0 acioss it, for the wind velocity zero, 
was measured by a potentiometer. For measuring velocity of air flow V 
at a point, the anemometer wire was placed in confirmity of above 
requirements the current through it was adjusted to the above noted value 
and the potential difference across tl e wire E v was recorded. In order 
to minimise any change in curient due to change in the lesistanecin 
the hot wiic, the vai iable resistance used in seiics with it was cho'en to 
be suitably laige The instrument was found suitable for measui ements 
of small wmd veloc ities of our experiments. For practical purposes we 
may take the wind velocity to be given bye ^k^E 0 - E„ where k is a con¬ 
stant of proportionality In tl e case of vibiating reed as the velocitv 
of air is not constant, k\/F a - E v gives ihe i. m s. value of the velocity. 
Measurements of velocity were taken at different points in a plane of 
line of flow lyirg at fixed height above the iced, the least hcigl t in the 
case of vibiatiig reed being ananged so that the reed did not touch 
the hot wire 

Toi mepsurements of average dynamic pressure, a special inclined 
manomctei was cons'ructed It vs as made out of a glass tubing about 
4 mm in diameter, the extended pait of the manometer being formed 
into a glass probe, the end of which was dosed and a small hole of the 
size of 2 mm diameter was made v ery ncai to it The tube was placed 
in su h a manner that the flow of wind was tangential to the surface 
of the h ile at the point whcie me isui ement of pressure was de>ired to 
betaken The manomctei oiihce was purposely made sm ill and the 
edges of the hole were smoothened so that no sharp ridge was projected 
agaii st the flow of aii, as any ridge would slacken the velocity with 
consequent development of stagnant pressure near the orifice In 
taking pressure readirgs which are small, parallax error was avoided bv 
placing a second scale about 5 ft. behind the manometer scale. 

In the case of vibrating leed, the absolute values of r.m.s. press¬ 
ures at various points were found out with the help of a calibrated West¬ 
ern Electi ic 640 AA type microphone and associated amplifier. A small 
brass probe was used for measurement of pi ensure ata point; the attenua¬ 
tion due to probe was neglected as the frequency of piessure variation 
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was small- Figure 4 shows the r.m.s. pressure curve. We find the 
r.m.s. value comes out to be about 70% of the constant pressure inside 
the chamber. This is the order of the r.m.s. value predicted from our 
theoretical consideration (see figure 7) given later. 

Observations : - 

Plane of observation Normal to the plane of the slot in the brass 
plate and one centimeter frem its shorter free end. 

x and z are two perpendicular directions in the plane of observation 
with the edge of the slot as origin, values of x being measured towards 
the middle of the iced in a direction parallel to shorter free end of the 
slot 

(A) Velocity Observations: — 

Constant cunent thiough anemometer wire = 0*7 amps. 

E. M. F. across hot wire (E 0 ) for zero velocity of air 1*7225 volts. 

Vibrating reed. 


1*3716 *593 l*3918l *375 i 1*4036 565 1*4824) *490 

I 

1*2S60 *653 — — 1 3364 622 1*4250 *546 

1 2460 690 1 2588 681 1*3041 *647 1*3705 *593 

1 1673 *745 1*2194 1 703 1 2580 681 1 3150 *638 

1*1275 *771 1*1717 *742 1 2208 *703 | 1*2675 *675 

1*1120 *782 1 3750 *765 1*1890 *730 ,1*2707 *707 

1 

1*1365 *765 1*1254 *772 1*1607 *749 i 1*18701 *731 

1 1820 *736 1*13941 *763 1*1540 *754 1*1673 *745 

1*2460 *690 1*1878 I *731 1*1670 *745 1*1690 *743 

1*2345 * 699 1*1943 I *727 1*1730, *740 1*1678 

L__I i 


« « a 
8*5 u 

m 



Height c—3 mm. Height ^—5 mm. Height *««1 cm I Height *»»2 cm 

__ _ __l_ 

I 

B. I V r (B,-B.) B. V(E,-£.) B, V r (B.-E.)| B. 


1*4 
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These curves show that the velocity with distance relations h ive 
i emarkable similarity in the cases of vibrating ind stationary reeds 



l l 

So wt mav <01 elude that the sti earn lin Ml\ i< m d » u, 

the two cases Further from the graphs we f nd th it the maxim i 1 
%fiocity cuives appioichcs the centre of the iced aswnpt ticilh is we 
lo higher ibove the plane of the reed 



I e 2 

(B Pres toe Qbseruiit 

The following tables sho v the \ ressure observations which were 
taken with the help of ippaiatus described cither 
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Stationary Reed 


Di t cc He fljhti len for t e undernoted pressures in m*n of alcohol 

cr ss t e 



P c suie 

P 

He <»11 

| 


r m 

s Pressure n 

Dynes/^q cm 


ns e 
c\ mber 

in err 

x*» 4x « 2 
m cr 


x- 2 
cm 

4 | 

11 

x*» 6 

x- 8 
cm 

x-1 0 
c n 

x—1 2 
cm 

380 dyne 

5 cn 


135 

182 

231 

252 

254 

235 

219 

per 

1 

63 80 

110 1 

158 

215 

236 

245 

238 

235 

Sq cm 

2 

50 62 

75 

93 

133 

2’0 

1 

240 

215 

199 


Amplitude £ 0 of vibrat on of reed«0 7 cm 
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Flow of Air Through Chink 

The isobars in the cases of stationary and vibrating reeds are 
similar. We make the following observations from the curves. The 
carve for normal pressure starts fiom a height of about 5 mm from 



the upper plane of aperture. It rises very quickly towards the middle 
of the reed and leaches a height of about 2*7 cm. at the middle of 
the reel Lower down of thi> isobar is the isobar of — *5 mm. which 
does not continue upto c rink but bends round at a distance of 4 mm. 
across the reed. Practically enclosed by this isobar is the isobar of 
— 1*0 mm which indicates that the zone of maximum negative pres* 
sure is at a height of one cm. and at a distance of '8 cm. across the 
reed. As we go lower down from this zone of maximum negative 
pressure, we meet isobars with increasing pressure till finally just at 
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the back of the middle portion of the reed the pressure is about a 
mm. The zone of negative pressure on the reed has been marked, w ich 



ought not to have been there according to Kirchofis law. Observatior s 
of the pressuie very near the mean position of reed in the vibrating case 
could not be taken due to vibratory motion of the reed, but as we have 
established that stream lines of flow are similar in the two cases, we 
conclude from the observations on the stationary reed, that then 
exists a zone of negative pressure just at the back of the reed near chinks 
and that the mid region between the chinks is a zone of excess 
pressure. 

From the nature of isobars, as also from the considerations of points 
of maximum velocity at given heights we can draw the stream lints 
as indicated bv the dotted lines in tl e graph for stationary ireds 


Phasj. Rflation Bltwien Chink Winm 
And PRfssURE 

It is very important to know in what manner the chink width cl anges 
and the pressure in the outside regions follows the changes or lags 
behind. In order to investigate these questions the pressure changes 
near the reed were photographed by means of an oscillograph. 
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In order to determine the phases of maximum and minimum pressure 
changes with the variations of the chink width due to upward and 
downward motion of the reed the following device was made. 

A bent tube, with orifice as in the case of the probe of manometer, 
lead the pressure variations into a brass chamber specially designed 
to enclose a carbon microphone The resulting electrical impulses 
due to pressure variations were applied thrcugh a transformer to the 
vertical deflecting plates of an oscillograph after amplification, a 
synchronised sweep frequency being applied to the horizontal deflect¬ 
ing plates. In order to mark the phase of vibration of reed in the 
resulting pressure-variation pattern a bent wire was fixed in such a 
manner that the reed in one of its two extreme positions of vibrations 
just touched the wire and there by short circuited the secondary of 
transformer. As the microphone voltage applied to oscillograph got 
short circuited, dots appeared on the pattern at such instances. We 
should make an allowance of 90° in phase as the secondary voltage is 
so much out of phase with primary current which is in phase with 
pressure variation. A photograph for pressure variations at a point 
1*5 cm. from the chink and in the plane one centimeter from the 



Pressure Variations near Chink. 

Fig 5 

shortest edge of the seat for reed was taken and a figure showing the 
associated chink width variations was drawn out of it. 

In the case of the figure showing the pressure variations just near 
the chinks we observe that just as the reed begins to move downwards 
a 49-3-2 
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i.e., just as the chink begins to open pressure is slightly positive, as 
the chinks open further the pressure becomes slight’y negative. It 
is slightly positive when the chink is open to its miximum extent. After 
this instant the reed retraces back towards its mean position and the 
pressure increases and becomes large. Just before the chink is closed 
the pressure decreases rapidly and becomes zero. When the teed 
reaches its mean position the pressure becomes maximum negative. 
Now as the reed moves upward, the chink is pr< ctically closed and 
negative pressure predominates for a major pait of this half cycle. 
It was observed from th' figures* that the average pressure very near 
the back of the reed is negative in the regions near the chinks and is 
positive midway between the chinks. The same co elusion was 
arrived at by manometric observations. 


Pressure and Chine-width Relation 
IVom the nature of the flow pattern and isobais it is apparent 
that the flow behind the chink is governed largely by viscosity of air 
and laws of potential flow are departed from We assume that the 
flow velocity a is given by 


u-K.APt 


where, IT is conductivity of the clink (dimension LTjM). This 
will ho’d true as long as the chink is fine and viscosity is the predomi¬ 
nant factor in determining the flow. Hence the volume of air flowing 
through the chink per second will be given by 


Q=K.AP.i*b (1) 

where b represents the effective length of tbe chink. AP is the 
difference of pressure between the zones A and B a> A 

shown in the figure. Though in our case the flow is 
not exactly similar as will be clear from the following 
diagram but the flow will be dimensionally similar 
and Q, will be given by an expression similar to (1) 
excepting that the constant K will be different in the two cases. 


M 




•Other hguie* not given m the text. 


99 


Flow of Air Through Chink 

In the present case since the wave-length is large the air issuing out of 
the chink will beha\ e like an incompressible fluid in the neighbourhood 
of the chink and then we can take the above equation to hold true 
in this case. 


In the case of a vibrating reed the chink width will simply be 
the displacement of the reed from its noimal position. Using the 
formula (Ghosh 1946) for excess pressure *p' in the outside regions 
we get. 


Jr . I*<1 

P 2 wR* {c/F+jm) 


( 2 ) 


Since AP 


P-p, by combining equations (1) and (2) we get. 


p PKb 


AbP-j 


t* 

2*R , 

(Op 


\ 


(3) 


Where P represents the constant excess of pressure within the 
chamber. € will be given by 

( 4 ) 

The real part of which represents the displacement of the reed, 


viz. 


£-£ 0 cos (ot (5) 

Substituting the exponential value of I in equation {^) we get 

_ f* 0 (cos 2cof+j sin 2<a/l __ ^ 

« a 0 (cos 2(ot+j sin 2 co/) -j ^ .j-p h cp' R *‘k 
In our case, JR *-1 5 cm 46 cyclesfsec, b— 5.8 cm., i—0’7 cm. 


Taking the following values for the constants, JT=5 cm. tec, 
gm ~ x . l p = 1.25 x 10 gmfc c, pc *42, 

The amplitude of ‘p* fbr various values of l pt' has been calculated from 
the equation (6) and the curve plotted as in below. By comparing this 
diagram with that obtained by oscillographic record we observe 
that the two curves are similar except for a change of phase. We 
expect some change of phase to occur because of some finite 
inductance in the primary of the transformer used in the microphone 
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circuit. Wc find the negative amplitude of pressure to be larger 
in both the cases* The similarity between the experimental curve 



and the curve predicted by the law of slow motion under viscosity 
shows that viscosity plays an important part m the flow of air through 
chink of a reed vibrator. The vibrating reed practically doses down 
the chink for one half of its period of vibration and consequently this 
part of flow has not been dealt with. 

Fig. 6, shows also the plot of the square of theoretical pressure 
for the interval the reed opens. From this by measurement of area 
in Fig. 7, we find that the r m.s. value of pressure at the point under 
consideration is about 70% of the pressure P inside the chamber as 
was observed experimentally. 

Velocity Curves 

At large distances from the aperture it has been fbund (Roscoe 
1049) that the radial velocity U at a distance r is ghen by 

£/- MS? (7) 

r* 

where £ is the perpendicular distance from the plane of apertuie. The 
two curves plotted in the velocity diagram (Fig. 2) are those calculated 
out from equation (7). Although the condition required by the equa¬ 
tion cure not fully realised but there is similarity between the two 
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curves. It has been possible to make quantitati\e measurements 
and thus to verify the theory de\ eloped. 

Conclusion 

The paper gi\es an account of measurement of‘flow’ through 
chinks of (1) constant width and (2) the same in the case 
of chink of periodically varying width. The t\pes of flow in both 
cases have been found to be similar. The flow is least near the chink 
and increases as the point of observation is moved along one 
plane towards the dead centre; definitely there is a region of 
maximum flow before reaching the dead region. If the plane of 
observation is raised higher the same type follows but the maximum 
shifts towards left (Fig 1 and 2). The pressure measurement were done 
with a manometric probe; the isobars are shown in figuie (3) in the 
case of a chink of fixed width. The measurements in the case of a 
chink of variable width gave a mean value which was not found to be 
accurate but the type of i c obars was practically similar. 

It has been found that the flow is governed by \iscosityand 
the law formulated by Roscoe seems to hold true in the case of chink 
described in the text. The volume rate of flow is proportional to 
difference of pressure and to the square of the chink width in the 
case where the length is laigc in compaiision to the width. A compari- 
sion of the pressure time curve with the oscillographic record shows 
remarkable similarity in the case of a chink of periodically vaiying 
width. The theory developed has been quantitatively veiificd cxpeii- 
men tally. 
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A QUALITATIVE STUDY OF FLAME TEST FOR 
TIN, GOLD AND BISMUTH 

By 

R. C. Mehrotra 

(Chemical Laboratories, The University of Allahabad, Allahabad.) 

(Received on 4 - 3 - 1949 ) 

A blue mantle test for tin has been described by H. Meissner 1 
as follows: ‘The substance or solution is treated in a porcelain dish 
with an excess of hydrochloiic acid and a piece of pure zinc rod is 
added The mixture is well stirred by means of a test tube filled 
with cold water and the tube is then inserted into a non-luminoua 
flame. A blue mantle around the moistened part of the tube indi¬ 
cates the presence of tin.’ F. L. Hahn* tried to find out the cause 
of the above test and came to tfie conclusion that probably the blue 
luminiscence is not due to the formation of stannic hydride as was 
assumed by Meissnei. E. Schroer and A. Balandin* find that the 
blue luminiscence cannot be due to the excitation by free electrons. 
J. Hoffmann 4 applied the test to glass analysis and again describes 
the test to appear by the reduction of glass by zinc and hydrochloric 
acid which affords SnH 4 and this SnH* deposits on the cold surface 
of the tube and colours the flame blue. 

The test in all probability is not due to the formation of tin 
hydrides. It was observed by Salet 5 and later confirmed by Ban¬ 
croft and Weisci 0 that the tin chlorides themselves colour the Bunsen 
flame blue, the tin bromides colour it green and the iodide imparts 
a yellow colour to the flame. Therefore, the test for tin was repeated 
in the manner described by Meissner and it was found that if stan¬ 
nous or stannic chloride itself is dissolved in water and a test tube full of 
water placed in the solution, then when the test tube is brought to 
A49*S*3 
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the Bunsen burner, a blue mantle surrounds the bottom of the test 
tube. The only perceptible effect of addition of zinc and hydro¬ 
chloric acid is to increase the intensity of the blue luminiscence. If 
the tin chloride is replaced by tin bromide or iodide, the colour of 
the mantle was respectively green and yellow. However, when the 
test is repeated with zinc and sulphuric acid in the place of hydro¬ 
chloric acid, no blue mantle appears at all. It was found that the 
presence of sulphate, nitrate or fluoride ions inhibits the test, when 
their alkali salts are added in sufficient quantity to a mixture of tin salt, 
zinc and hydrochloric acid. The appearance of the blue mantle 
with tin salts alone makes the hydride theory very improbable. It 
might be argued that the free hydrogen present in the gas supplied 
to the Bunsen burner might be playing a part, but the instability of 
the tin hydride as prepared by Paneth and Furth 7 by the action of 
metallic magnesium on a solution of tin chloride or sulphate in hydro¬ 
chloric acid rules out the above line of argument. Moreover, the 
non-appearance of the test when hydrochloric acid is replaced by 
sulphuric acid cannot be explained by the hydride theory. As was 
shown by Schroer and Balandin 8 who suggested that the method 
may be used for halogen acid, the reaction is a test of the chloride, 
bromide and iodide ions rather than that of tin. The chloride and 
bromide ions, somehow exhibit the test in the presence of tin ions. 
It occurred to the author that it may be a case of chemiluminiscence 
brought about by the recombination of halogen atoms formed from 
the dissociation of the tin salt according to the following scheme : 

Sn Gl«£»Sn C1,+C1 

Sn C1 S +C1 

Cl -fCl^Cl, -fh? (luminiscence) 

Sn Clj+O (from atmosphere)->Sn O Cl, 

Sn O Cl,«*Sn O Cl+Gl 

n 

SnO+Cl 

Similarly, Br-f-Br-^Brj+h* (luminiscence) 
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The order of the luminiscence observed may be taken 
from the convergence limit of chlorine and bromine in their predis¬ 
sociation spectra. The convergence limits of chlorine and bromine 
are at 4785° and 5107° A, which lie in the blue and green region 
respectively. The heats of dissociation of chlorine and bromine 
are 57000 and 46200 calories respectively and so the wave-length 
of the light emitted on the recombination of the atoms would be 
4987° and 6147° A respectively (from Q^—hv^hc/%). 

If the above mechanism about the test were correct, similar 
colours must be observed from the chlorides and bromides of all metals 
where tendency to similar thermal dissociation exists. On applying 
this test, it was found that mercuric, thallium, platinum, manganese, 
cobalt, lead, nickel, cadmium and arsenic salts do not show any 
similar coloration. However, it was found that bismuth and gold 
salts do show similar tests. The purpose of the present communi¬ 
cation is primarily to describe the flame test for gold which is of practi¬ 
cal importance, and to describe the similar coloration of the luminis- 
cence that is shown by bismuth and gold salts so that it may not be 
confused for the blue luminiscence shown by tin salts in the Meissner's 
test. It further describes the interfering factors in the presence of 
which the flame test for tin is suppressed. 

Flame reactions of tin salts : 

Stannic and stannous chloride gave a very brilliant blue man¬ 
tle, which increased in intensity on the addition of hydrochloric acid. 
Action of zinc further does not appear to have much influence. The 
blue luminiscence is suppressed if the hydrochloric acid is replaced 
by sulphuric acid and the test does not appear even when zinc is 
added in the presence of sulphuric acid. The blue luminiscence is 
also suppressed by the addition of ammonium sulphate, nitrate or 
fluoride to the tin salt. In the presence of hydrochloric acid, larger 
quantity of sulphate, nitrate or fluoride ions is necessary to suppress 
the test than without it. 
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Stannic bromide gave a brilliant green mantle which increased 
in its intensity with the addition of hydrobromic acid. If hydrochloric 
acid is added in the place of hydrobromic acid, the green mantle 
characteristic of the bromide is replaced by the blue mantle charac¬ 
teristic of the chloride. If the amount of hydrochloric acid is small 
or the solution to be tested contains some other souicc of the bromide 
ions, so that the amount of bromide ions present is comparable with 
the amount of the hydrochloric acid added, then the green luminis- 
cence also appears when the blue luminiscencc has faded away. 

Stannic iodide gave a greenish yellow mantle and showed a 
behaviour similar to that of the bromide with hydrochloric acid. 

Tin sulphate and nitrate did not show any blue luminisccnce 
either when alone or in the presence of sulphuric acid and zinc. The 
luminiscence appeared on the addition of concentrated hydrochloric 
acid, but was again suppressed when sulphate or nitrate ions are added 
in considerable amounts. 

Flame reactions of bismuth salts : 

As the chloride, bromide and iodide of bismuth were not obtain¬ 
able in pure form, a pure Kahlbaum sample of Bismuth carbonate 
(tested to be free from tin) was taken and the flame test applied in a 
manner similar to the Meissner test for tin . 

Bismuth carbonate with hydrochloric acid gives a greenish blue 
mantle. Addition of zinc begins to precipitate metallic bismuth and 
does not improve the intensity of the mantle. However, the test re¬ 
mains positive so long as all the bismuth ions have not been removed 
from the solution. Addition of tin salt, however, replaces the greenish 
blue mantle of bismuth chloride by the intense blue luminiscence 
characteristic of tin chloride. 

Bismuth carbonate and hydrobromic acid gives a yellowish 
green mantle. 
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Bismuth carbonate and hydroiodic acid gives a very insensi¬ 
tive reddish mantle. 

Bismuth carbonate with sulphuric acid and nitiic acid does not 
give any perceptible mantle at all. Addition of small amounts of 
hydrochloric acid also in the presence of cither of these acids does 
not make the mantle appear. 

Flame reactions of gold wits: 

On applying the flame test to gold chloride in a manner 
similar to that described by Meissner for tin, a gold chloride 
solution in the presence of hydiochloric acid gave a brilliant 
green mantle. The gold chloride solution itself gives the 
mantle and along with the appearance of the green luminiscence, 
a film of brightly shining metallic gold is deposited on the 
bottom of the test tube. The mantle becomes much more 
intense in the presence of considerable concentrated hydiochloric 
acid. Addition of a speck of metallic zinc improves it slightly. 
The test, like the similar test of the bismuth and tin chlorides is 
suppressed by the presence of a considerable amount of sulphuric 
or nitric acid. 

Gold chloride solution in the presence of hydiobromic acid 
gives a pale orange mantle which is not impiovcd much in its inten¬ 
sity even on the addition of metallic zinc. 

Gold chloride solution in the presence of hydroiodic acid does 

not give any mantle. This is probably due to the decomposition 

of the auric iodide with the simultaneous deposition of iodine. 

* 

On the basis of the above reactions, a green mantle test for 
gold has been recently described*. To perform the test, the gold salt 
solution is taken in a beaker, concentrated hydrochloric acid added 
to it and a small speck of zinc is put in. A test tube lull of water 
is held at the point wjiere hydrogen is evolving out briskly and then 
the test tube is taken to the hottest part of the Bunsen flame. If gold 
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is present in the solution being tested, a very brilliant green mantle 
will surround the bottom of the test tube spreading upwards along 
the sides of the tube. The test is sensitive to 0*1 mgm. of gold 
per ml. of the concentrated hydrochloric acid. The test is not inter¬ 
fered by the presence of mercury, lead, silver and platinum ions 
and so gold is easily detected in an ore or alloy by dissolving the 
nitric acid insoluble portion in a little aqua regia, evaporating al¬ 
most to dryness to drive out the nitic acid and then applying the 
above test. The presence of tin however interferes, replacing the 
green mantle by the blue mantle characteristic of tin. Copper ions 
also interfere 

The mechanism of the above flame reactions: 

Much more quantitative and spectroscopic work is essential, before 
any definite conclusions as to the cause of the above tests can be reached. 
Though the purpose of the present communication is mainly practical, it 
may be mentioned that the scheme suggested above drives support from 
the similarity in the colours of the mantles from tin, bismuth and gold 
chlorides. It is of interest to mention here a similar though an ob¬ 
servation unnoticed by workers in this field, of M. Polanyi and 
G. Schay 10 , who studied the chemiluminisccnce between the alkali 
metal vapours and tin halides. They observed that highly diluted 
flames of alkali metals burning in stannic chloride, bromide and 
iodide emit intense luminiscent and continuous bands. The bands 
extend from 400 to 550|qi with K and SnCl*, 405 to 540pp with Na 
and Sn Cl*, from 440 to 600|ip with Na and SnBr*, and from 500 
to 620pji with Na and SnI*. The intensity of the bands is the greatest 
in the centre of the band and decreases on either side. It is clear 
that with the naked eye the luminiscences would appear to be res¬ 
pectively blue, green and yellow in the cases of the chloride, bronlide 
and iodide. The chemiluminiscence is explained by a mechanism 
shown below: 

Sn X* *■ Sn X$ + X 
2 SnX* - SnXa + SnX# 



Qualitative study of flam test 109 

The mechanism is similar to the one suggested above. How¬ 
ever, the suggested mechanism also explains the part played by the 
cool surface of the test tube or hydrogen gas in providing centres of 
collision for the halogen atoms to unite, for as shown by Jost“, 
the recombination of halogen atoms to form the undissosciated mole¬ 
cule can occur only as a three body process in the gaseous phase 
or on the walls of the nearby solid surfaces. 

However as stated above, much more quantitative work is needed 
before the mechanism can be definitely established. 


Summary 

1. The blui ramtle test for tin has been studied and it has been found 
that the colour of the mantle differs with the hal'de taken. It has been Anther 
found that the ten is interfered by the piesncce of sulphate, nitrate and fluoride ions. 

2. Reactions similar to the alxne have b'en found to be shown by the 
halides of bismuth and gold and hence precaut'on is necessary not to mistake a 

mtntle given by them for the pie3ence of tin. 

3. A new sensitive flime test for goll has bee t described. 

4. It hrs been shown that the blue mantle given by tin canrot be due to 
the stannic hydride as was supposed. A tentative mechanism has been suggested 
for the above flame reactions of tin, bismuth and gold. 
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THE NATURE OF HYDRATED COPPER HYDROXIDE 
PRECIPITATED AND AGED UNDER DIFFERENT 
CONDITIONS 

By 

R. G. Mehrotra and S. Ghosh 

Chemical Laboratories, The University of Allahabad, Allahabad. 

Rt ct i\cd on 3-1-49 

It is a well known obsei vation that if a solution of caustic alkali 
be added to a solution of coppei salt, the colour of the precipitated 
hydi oxide changes from blue to black just when a drop ol the alkali 
is added in excess. The coloui change is generally assumed to involve 
the conversion of the blue hydrated copper hydroxide to the black 
cupiic oxide. Evidently, the mechanism of the above conversion 
brought about by a drop of the alkali does not appear to be easily 
explainable as a simple dehydration process, involving molecular 
splitting off of water molecules as shown by the following equation: 

Cu {OH),, x HtO^LuO+ix+l) H t 0 .... (1) 

A number of observations recorded below definitely demonstrate 
that the conversion of hydiated cupric oxide from blue to black variety 
is not a simple dehydration process. At the same time, it has been 
shown that the blue precipitate obtained by a deficient amount of the 
alkali differs in a number of properties from the black precipitate 
obtained by a slight excess of the alkali. Studies have also been made 
on the changes exhibited"by the hydrated oxide on ageing. 

Copper hydroxide was precipitated by the addition of 100.0c. c. 
of carefully standardised 0, 2N caustic soda solution to 50. 0c. c. of 
a 0. 2N copper sulphate solution. As the alkali was slowly added to 
the copper sulphate solution, the colour of the solution went on be¬ 
coming lighter and lighter, until about half the amount (50c* c.) of 
%3-4 
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the alkali had been added, after which the colour began to deepen in 
shade until deep blue copper hydroxide was precipitated down. The 
copper hydroxide was filtered off and carefully washed free from 
su’phate ions. It was observed that althogh just equivalent amount 
of the alkali had been used, the wash liquoi had a little alkaline 
reaction detectable by the development of pink colour with phenolph- 
thalein. A similar observation 1 had been made by Tommassi and 
also by Dey and Ghosh that a solution of sodium chloride and sulphate 
show an alkaline reaction after shaking with hydrous cupric oxide and 
it is due to preferential adsorption of the anion. The precipitate was 
washed free from sulphate ions and was divided into five portions 
as below: 

(1) First portion was placed in 100 c.c. of distilled water. 

(2) Second portion was placed in 100 c.c. of N/100 caustic soda 
solution, 

(3) Third portion was placed in 100 c.c. of N/10 caustic soda 
solution, 

(4) Fourth one was dried between filter papers and allowed to 
remain in air, 

(5) Fifth portion was carefully dried by filer papers and placed 
in a desiccator over concentrated sulphuiic acid. 

The colour changes of the five portions were observed for about 
a week. The last one in the desiccator remained definitely deep blue 
whereas the one in contact with atmosphere remaind bluish though 
at a number of isolated point it turned brown or grey. The first one 
in distilled water gradually took up a light grey or brownish shade, 
the second one became almost definitely black, whereas the third one 
was deep grey, deeper than the first but lighter than the second. The 
distilled water in portion (1) was tested after a week and found to be 
neutral even then. 

The above colour changes definitely show that the conversion of 
hydrated cupric oxide from blue to black variety is not a simple 
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dehydration process represented by the equation (1). If the said 
equation had represented the real process, then the rate of dehydration 
would have been slower in presence of water than in thedry atmosphere 
of the desiccator, while as recoided above, actual experimental 
observations show just the opposite. However, all the above observa¬ 
tions can be easily explained by an extension of Kohhchutter and 
Tuscher’s views 2 regarding the blackening of blue copper h)dioxide. 
.According to them, the blackening is not due to a molecular splitting 
off of water, but due to internal neutralisation as a lcsult of ampho¬ 
teric dissosciati on of copper hydroxide. Their news can be explained 
by the following equations: 


Cu ( OH) t --[Cu {OH)?HOH)- 

... (2) 

Cu (OH) % -[H Cu 0 2 J~+// + 

... (3; 

fr-HOHy-HJ 

... (4) 

[Cu{OH)]*+[H Cu OJT- [Cu Cu O a j+// a 0 

... (5) 


II 

2 6 uO 


Thus the process is not a simple dehydration process, but involves 
internal neutralisation of the acidic and basic foi ms of cupric hydro¬ 
xide. The blackening cannot occur in the desiccator, where the 
dissosciation into the two forms is not possible, but it can occur in 
presence of water. The immediate blackening by a diopof the alkali 
can be easily explained on the above views. Moreover, an extension 
of the above views can also explain why the blackening, as observed 
above, is maximum in the presence of Nj 100 alkali and then again is 
lesser in N/10 alkali. 

The rate of the process (5) will be proportional to [(C# GH) + ] X 
[(tfC« 0 a )“]. It can be easily shown that if a+b is constant, then 
a x b has a maximum value when a m b* Hence the rate of the above 
process of blackening shall be the greatest at the point where |"6 k 
(0//) + ]-[(//Cm 0,)“J <> r at a pH at which the concentration of the 
two ions due to acidic and basic dissosciation of copper hydroxide are 
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just equal. The point may be defined as the isoelectric point and 
can be calculated from the following relationships. 

(■® Jas * c dissosciation constant). 
di s sosci.ition constant) 

Kencc^°- H]+[0Hr & 
nence c u 0 ~y Ka 

Now, at the point where [C u (0h)] + *= [ H(u 0j“, 

[Off]' Kb 
JH^^Aa 


or 


[OHT*_ Kb 


Kw Aa 




AbAw 


Hence, the blackening will be maximum when the hydioxyl ion con¬ 
centration is equal to . As is well known, the basic nature 


of copper hydroxide represented by K b is much more pronounced 
than the acidic nature (represented by Ka). Therefore, the isoelec¬ 
tric point will occur in the alkaline range. Now, if the hydroxyl ion 
concentration be lesser than this value, the basic form [C u (Off)]*, 
due to the ionisation shown by the equation (2), will predominate, 
whereas if the hydroxyl ion concentration be greater than at tl e 
isoelectric point, then the acid form [ff Cu 0 % \“arising out of the 
ionisation shown the equation (3) will be more prominent and hence, 
in both the c ses, the rate of blackening will be slower than that at 
the isoelectric point The above discussion explains so simply why 
the blackening was greatest at a caustic soda concentration of N/l 00 
aid was lesser in hydroxyl ion concentration both above and below 
this value. An effort was made to determine the exact isoelectric 
pjint by making acidic buffers of acidc acid sodium acetate mixtures 
and alkaline buffers of boric acid—borax mixtures. However, it was 
observed that the borate ions stabilise the blue form due to the ten- 
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dcncy of complex formation, hence exoct comparisitions could not be 
made and the exact point could not be determined. 

However, the applicability of the theory can be demonstrated 
by the simple manner in which the observations of a number of 
previous workers can be easily explained. Tommassi'* obsened that a 
small concentration of manganous sulphate is able to stabilise the blue 
colour of copper hydroxide We have obsened that this stabilisa¬ 
tion is almost permanent. A samp’c of the precipitate immersed in a 
dilute (1 %) solution of manganous sulphate placed on 20th Septem¬ 
ber, 1944 has preserved its original greenish blue shade even after the 
passage of more than four years Howe\er, we have observed that the 
stabilisation is not restricted to manganous sulphate, but a number of 
salts like manganous chloride, zinc suphate, aluminium sulphate and 
even copper sulphate itself show the phenomenon. A number of 
conflicting explanations 4 ’ fl ’ a ' 7 ’ 8 ’ hue been offered within recent 
years. Bancroft 4 explains the stabilisation to be due to the protecti\e 
action of adsorbed hydrous oxide of raangane c e. On Bancroft’s views, 
Weiser 8 finds it unabV to explain the mechanism of stabilisation 
shown by copper sulphate itself and he supposes the stabilisaton to 
be a phys’cal process depending merely on the size of the particles. 
Towles 8 tried to explain the stability to be due to the lemoval of the 
a isorbed alkili which by its presence would have catalysed the 
blackening. Kruger 7 point out th,.t onl\ tl o r c substances generally 
exhibited this stabilisations, which by their hydro ysis give an acidic 
solution. Fowle’s 8 explanation is very close to outs, which is evident 
from the discussion gisen ato\e, that in the acidic medium the llatk- 
cning will not oci ut due to the preponderance of the basic foim of the 
copper hydroxide. 

Apart from the above variation in the physical characteristics of 
the copper hydroxide precipitated and aged under different conditiocs, 
we have recently observed 9 that the copper hydroxide precipitated 
with a slight deficient amount efthe alkali differs from the one precipi¬ 
tated with a slight exce c s of the alkali in its dissolubility in dilute 
ammonia solutions. In this communication, we want to record a 
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number of qualitative observations made regarding the variation of 
the properties of the hydroxide precipitated under different conditions 
and also the variation in the properties of similarly precipitated hydro¬ 
xide aged under different conditions: 

(1) 51.0c c. of 0.2N caustic soda solution added to 50. 0c. c. of 
0. lM CuSO* solution 

(2) 50 0c. c. ofO 2N caustic soda solution added to 50. 0c. c, of 
0. 1M CuS0 4 solution. 

(3) 50. 0c. c. of0.2N caustic soda solution added to 51. 0c. c. of 
0. 1M CuS0 4 solution. 

The precipitates were well washed free from all soluble electroly¬ 
tes and then allowed to age under the following conditions : precipi¬ 
tates obtained (1), (2) and (3) were each divided into three portions and 
allowed to stand in contact with the following media* 

(a) 100 c. c. of distilled water-f-2c. c. of 0.2N caustic soda. 

(b) 100 c. c. of distilled water, 

(c) 100 c. c. of distilled water-f-2c. c. of0.2N acetic acid. 

A comparison of the three samples 1 (b), 2(b) and 3(b) aged 
under distilled water showed that although all the three had become 
greyish in shade, the first one was almost black, the second one was a 
little lighter greyish black in shade, while the third one was still lighter 
in colour. All the samples aged in alkaline solution became almost 
equally dark grey in a few days time; all the precipitates aged under 
acidic media retained their blue colour even after six months of 
ageing. 

Now, the solubility of the above samples, after being aged for 
about ten days, was tested in a solution of Roschelle salt (sodiumpota¬ 
ssium tartrate) of the same concentration and also in a dilute solution 
of ammonia. Judged from the colour of the solution, the alkali aged 
sample (2a) showed much lesser solubility than the acid aged sample 
(2c) whereas the solubility of the sample (2b) was midway between 
those of (2a) and (2c) in both sodium potassium tartrate and ammonia 
solutions. Similarly, a comparison betwen the water aged samp'es (lb), 
(2b) and (3b) showed similar relationships. The sample (3b) obtained 
With a slight excess of copper salt showed the maximum solubility, 
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whereas the sample (lb) showed the minimum solubility of the three 
samples. 

The above variation in the properties and particularly, the simi¬ 
larity in the range of the solubility exhibited in a basic solvent like 
ammonia and an acidic solvent like sodium potassium taitrate may 
appear at the first sight a little difficult to explain. However, they can be 
easily explained by Bronsted s 10 , Lowry’s 11 , or Lewis 12 , 13 views about 
the nature of acidic and basic substances 

According to Bronsted’s and Lowry’s conceptions of acid and 
base, both the ammonia (NH 3 1 molecule and the tartrate ion are basic 
in nature, because both of them h ave a tendency to accept protons. 
Therefore a similarity in the range of the solubility in the two media 
can be expected. Moreover, the nature of the dissolving substance 
being basic, that sort cf the piccipitate will have the highest tendency 
to dissolve, which has the portion active in this dissolution in the most 
acidic form. Cu ++ and (CuOH)* ion can be regarded acidic in nature, 
because they have a tendency to combine with the basic (OH)"ion, as 
shown by the equations (6) and (7): 

Cu ( OH), - [to (0//) ] V [ 07/ ] ” . (6) 

[c«(0//)] + = (V*+[otf]” .(7) 

Now from the law of mass action, the concentration of these 
acidic ions, Cu** and CuOH* will decrease as the concentration of the 
hydroxyl ions is increased; and therefore with the increasing hydroxyl 
ion concentration, the solubility in the basic solvents like ammonia and 
the tartrate ion can be expected to decrease. 

According to Lewis’ conception, “the acidic and basic nature of 
a substance is governed by its tendency to accept or donate electron 
pairs to form covalent bonds, irrespecti\ e of whether (he tt ansferofprotons 
is involved or not”. Now, the solubiltty of copper hydroxide in both 
ammonia as well as the tartrate ions is due to the tendency of copper 
ions to accept the electron pairs donated by the ammonia molecules 



118 


R. G. Mehrotra and S. Ghosh 


or the tartrate ions with the formation of covalent bonds. Hence, the 
similarity in the dissolution power of ammonia and the tartrate ions, 
arising out of the same tendency can be easily understood. Moreoter, 
the above mechanism explains the part played by the surface effects due 
to the precipitation and ageing of the precipitates under different condi¬ 
tions. The precipitate obtained with an excess of alkali or aged undei 
alkaline solutions will develop a negative charge on the particles due to 
a preferential adsorption of the hydroxyl ions and this charge will go 
on decreasing or rather may even change its sign when the precipitation 
or the ageing is carried out in acidic media. Hence, the particles of 
the precipitate aged under alkaline media, by virtue of the negative 
charge on them, will retard the electropositive character of the copper 
ions to accept electron paiis from either ammonia molecules 01 
the tartrate ions and hence the alkali aged precipitate or the precipitar 
obtained with a slight excess of the alkali will show a much lesser 
solubility in ammo.iia or Roschelle salt than the one aged in acidic 
media or precipitated with a deficient amount of the alkali. 


SUMMARY 

. 1. The rate of blackening of hydrated copper hydroxide has been studied under 

different conditions. 

2. It has bjen shown that the observations on the rates of blackening can be 
explained by Kohlschutter and Tuscher’s views bated on internal neutralisation. 

3. The theory of iso-electric point has been developed to explain a greater 
rate of blackening in the presence of N/100 caustic soda than in the presence of 
N/10 alkali. 

4. T is phanonaeioi of the stibiluition of the blue colour of the hydrated 
capper hydroxide by min/anous sulphate, copp-r sulphate, zinc sulphate etc. has 

been explained on the above theory. 

5. T is variatio a In the nature of the precipitate obtained and aged under 
diSbrent conditions has been studied. 

6. The abave variation has been explained by Bronsted’s and Lowry’s defini¬ 
tion of acids and bases and also by G. N. Lewis’ “Electronic conception of acids and 

bases.’' 



119 


The Nature of Hydrated Copper Hydroxide 
Rt/tmei 

1. Tommasd, Bull. See. Chim , (2), 37, 197, (1882). 

2. Kohbchutter andTuscher: Z. anorg. Chm., Ill, 193, (1920). 

3. Tom ms si: Compt. Rend., 99,38, (1884). 

4. Bancroft: Z- Chem., 18, 118, (1914). 

5. Bluchcr and Famau: ibid., 18, 629, (1914). 

6. Weiaer, ibid., 27,431, (1923). 

7. Kruger: J. Prakt. Chm., 108, 278, (1924). 

8. Fow]es:CAsm. News, 128, 5, (1925). 

9. Mehrotra and Ghosh: Proc. Nat. Acad. Sci., 15, 161, (1946). 

10. Bronsted: Ree. Tran Chim., 42, 718, (1923). 

11. Lowry: Chem. and Ind., 42,43, (1923). 

12. G. N. Lewis: J. Frank. Inst., 229, 293, (1938). 

13. Luder: Chem. Rev., 27, 547, (1940). 


*49'S*5 




PHYSICO-CHEMICAL STUDIES IN THE FORMATION OF 
COMPLEX STANNIOXALATES 

PART II SPECTROSCOPIC STUDY OF SNC1 4 -H 8 C,0 4 SYSTEM 

By 

Arun K. Dey and A. K. Bhattacharya 
Department of Chemistry, University of Saugar 
(Read on 30th April 1949) 

Abstract 

Ultra violet absorption spectra of mixtures of stannic chloride and oxalic 
acid solutions have been studied. From an examination of the photographs of 
the spectra, it has been concluded that the compounds formed have die composi¬ 
tion* iSa^aC)^ and H 4 Sn(C a 0 4 ) 4 . 

In a number of publications we have inferred that stannic tin 
forms complex compounds with oxalates, malonates and succinates 
(1, 2) and also with tartrates (3). In the previous part of the 
present series (4) we have studied the compositions of the cbmplex 
compounds formed between tetravalent tin and soluble oxalates by 
the electrical conductivity method. It has already been pointed 
out by us (5) that since isolation and subsequent chemical analysis 
fail to convey a true picture of the complex compounds formed, as 
the products include double salts and adsorption complexes as well, 
physico-chemical methods must be adopted to elucidate the com¬ 
positions of complex ions. In peTsuance to above the absorption 
spectra of solutions containing the complex stannioxalate ions have 
now been studied in the ultra violet region and the results interpreted 
for the determination of the composition of complex ions. This paper 
records our results on the study of mixtures of stannic chloride and 
oxalic acid of various compositions. 

Experimental 

A solution of Schuchardt’s stannic chloride crystals was prepared 
by dissolving an approximately weighed quantity in Merck’s dilute 
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hydrochloric acid solution of known concentration. The solution 
was carefully estimated by gravimetric method, and diluted and hydro¬ 
chloric acid added to get a solution of exactly decimolar stannic 
chloride in normal hydrochloric acid. Hydrochloric acid was needed 
to prevent hydrolysis. This solution of stannic chloride in hydrochlo¬ 
ric acid has been referred to in this paper as stannic chloride solu¬ 
tion. Standard solutions ofAnalaR oxalic acid were also prepared. 

The absorption spectra of individual solutions and 
also those of the mixtures were photographed as described below. 
For photographing the spectra Adam Hilger’s Constant Deviation 
Quartz Spectrograph was used with copper are as the source. The 
photographs were taken on Ilford Empress Plates and an exposure 
of one minute was allowed in each case. Different thicknesses of the 
solutions were used for absorption of the radiations by means of a 
Baly's tube. The experiments were performed at a temperature 
of 25° C. From the photographs the regions of absorption corres¬ 
ponding to the different thicknesses of the various solutions employed 
were read. The results are recorded below : 
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Por the interpretation of the absoiption spectra if suits the shifts 
in the line 2618 A°.U. were considered. The thicknesses of solutions 
of different compositions required to produce absorption upto this 
region are tabulated below. 


TABLE II 

Ratio Sn* v : CjO,," “ _ j Thickness cf solution in mm 


1 

0 

18 - 16 

1 

0-25 

18-8 

1 

0 10 

18 - 10 

1 

i -no 

12 - 10 

1 

1*25 

10 

l 

2-00 

5 4 

1 

2-50 

j *4 

1 

2‘86 • 

t 

1 

8 • 38 

8 

1 

4-00 

8 

1 

1 ft 

2 

1 

■>•00 

2 

1 

oc 

2 


A graph was then plotted showing the change in the required 
thicknesses with change in compositions of the mixture. A perusal 
'of the curve shows that the first break in the curve occurs at the 
point corresponding to 2 of bxalatd for 1 of tin, and this point 
may, therefore, be assigned to the formation of normal stannic 
oxalate. As the formation of stannic oxalate is complete, complex 
formation seems to commence and the formation of the complex is 
finally complete at 4 of oxalate for 1 of tin, where there is the last' 
break in the curve and then the curve smoothly parallel to the 
axis. Thus we conclude that the absorption spectra also leads us 
to the inference of the formation of Sn(C t 0 4 ) t and H 4 Sn(GtO A ) 4 
in a mixture of solutions of stannic chloride and oxalic acid, which 
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is in agreement with the results arrived at by the electrical 
conductivity of stannic hydroxide-soluble oxalate system, as reported 
in a previous part of the series* 
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and (d) that the common self-conjugate of (c) is no else than the A OPQ. By 
the way, it may be remarked that the propositions (a), (b), (c) and (d) hove been 
demonstrated in such a way as to throw a new light on a certain result, proved in 
the first instance in the author’s “Mote on Conics of double osculations ’’ (to be published 
in the next issue of the * Journal of the National Academy of Sciences', Allahabad). 

Introduction 

The main purpose of the present paper is to scrutinise the 
peculiar geometrical relations, that subsist between any of the nine 
harmonic polars of a (bicursal) cubic and its Cayleyan. Incidentally 
certain special tangents of the Cayleyan have been teckoned with, 
and the common self-conjugate triangle of a triad of ‘cognate* sextactic 
conics has been talked alout and discussed in such a way as to give 
prominence to the relation, which it bcais to the polar conic of the 
(associated) point of contact of the Cayleyan and the Hessian of 
the (original) cubic. For the sake of clearness and easy reference, 
certain results, established in my “Note on conics of double osculation 
of a cubic” have been re-stated in this paper. The greater part 
of the results arrived at in this paper is believed to be original. 

Section I 

(Certain novel properties of a triad of cognate sextactic conics.) 

Art. 1. It is common knowledge that a bicursal cubic has, in 
general 

(i) 9 points of inflexion {I r }, 

(ii) 9 associated hatmonic polars {Z r }. 
and (iii) 27 sextactic points, lying, three by three, on the 9 lines {LJ. 
For felicity of expression, two or three sextactic points, seated on the 
same harmonic polar, will be said to be * cognate ’ to one another, and 
their attached osculating (t. e. y six-pointic) conics will be similarly 
termed Agnate*. Naturally, then,a (bicursal) cubic possesses alto¬ 
gether 9 triads of ‘ cognate * sextactic conics (real or imaginary). The 
investigation of the peculiar geometrical relations, subsisting amongst 
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the three sextactic conics of any of the nine ‘ cognate * triads is the 
main objective of the present section. For this purpose Cartesian 
analysis, involving the use of oblique axes, will be resorted to in the 
succeeding article. 

Art. 2. Suppose that any one of the points of inflexion [/ r ] 
of a given bicutsal cubic T is chosen as the origin O of Cartesian 
coordinates, and that the tangent to T at 0 is chosen as the axis {y— 0). 
If, then, a be one of the three sextactic points (of T), that have O for 
their tangential, and the line Oa ,—which is after all one of the 
tangents from 0 to T—be taken as the axis (x — 0), the Cartesian 
equation to F can be readily thrown into the form : 

S.y - x 3 , ... (I) 

where S&ax 2 -\-2 hxy+by 2 -{-2gx-{-2fy-\-c~0, (A^bc—/ 2 =Q) . .. (II) 

is the osculating (t.e., six-poinlic) conic of f at a. It goes without 
saying that the Cartesian axes, chosen as above, are in general 
oblique. 

If we now re-write (I) in the form : 

(S-f- 3 Xx* +3 ^*xy-j-Xy*)y»(x + Xy) B , • • • (HI) 
and prescribe the condition that the line 

*+xy —0 

may touch the conic 

5+3xx a +3xV+X 3 y =0, | fTV . 

«.*.,* (a-|-3x)* 3 +2(A+! k *) X y+(b+x*)y+2g X +2fy+c~0, \ ~^ 1V ' 

we gather 

(i) that the other two sextactic conics S lt S 2i * cognate 1 with S are 
given by 

5 l a(fl+3A l )x 9 +2(A+|x 1 a )Ay»+(A4-x l 8 )/+?gJf+2j(y+r=«0 ».. (V) 

and 5,s(^+3A l )x 9 +2(A+iV)^+(i+A a V+2^+2j(V+c-0 ...(VI) 
and (ii) that the associated sextactic points ft and Y—naturally ‘cog¬ 
nate’ with o—are respectively 

••• < VII > 

provided that the two parameters Ai, A a are the roots of the quadratic 
in A, viz., 


'A a +£A+2tf=0. 


• • 


. (vnO 
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Fig. 1. 

As is to be expected, the three ‘cognate’ sextactic points a, (3, Y are 
situated on the line: 

which is none other than the harmonic polar L, appertaining to the 
inflexion 0. 

Appeal to algebraic reasoning makes it plain that the three ‘ cognate' 
sextactic conics 5, S lt are representable by the single Cartesian 
equation: 

S+X . . (IX) 

it being tacitly understood that the parameter X is to take on the 
values 0, Ax, x t in succession. 

Art. 3. Because the Jacobian of any three curves of the net: 

lU+mV+nW =0 

(where U, V t W are given curves and /, m, n are parametric constants) 
is the same as that 0, V, H^/Ve infer immediately from (IX) of 
the preceding article that 

♦ J ( 5 , Sx> S%) 

is the same as the Jacobian of the three conics 

-0 and =0, 

" v C 

ahd has therefore for its Cartesian equation 
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ax+hj+g t hx+by+f, gx+fy+c 
3* , ~y , 0 

C 


3 ? 




0 


= 0 . 


This determinantal equation being equivalent to 

{gx+fy+c) (3cx*—2Bxy+2Hy t )=0, 

the logical conclusion is that the Jacobian of the three ‘cognate* sex- 
tactic conics S, S v S a , appertaining to the point of inflexion 0, consists 
of the related harmonic polar L, viz., 

gx+fy+c-0, . . . (1) 

and the line-pair (Af, N) defined by 

3cx*-2Bxy+2Hy*=0. ... (2) 

That the first line viz., L should form a part and parcel of the dege¬ 
nerate cubic 

3 (S, s v S.) 

could be foreseen from geometrical considerations It now remains to 
scrutinise the geometrical features of the other two lines M, N. 

At the very outset we note that the three pairs of tangents, that 
can be drawn from 0 to the three conics S, S x , 5* as defined by (IX) 
of the foregoing article, are representable by the single Cartesian 
equation: 

(5+3a)x a —2 (ff—3/2tt f )^+ay==0, ... (3) 

provided that the parameter x is allowed to assume the values 0, Xi, x a 
in succession. 


Recognising, then, that thnjnecessary and sufficient) condition 
for the two pairs of lines (2) and ( 8 ) to be harmonically conjugate is 
that x should satisfy the cubic equation : 

a»+*A # +2tfxsO, * 

so that the admissible values of x are, by (VIII) of Art. 2,0, x a , X*, 
We come to conclude that the three pairs $f tangents that can be 
drawn from 0 to S, S v S 9 respectively, constitute an involutory 
system, of which the two focal’fines are determined by (2). Hence, 
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bearing in m : nd that the harmonic polar L is the common polar 
(line) of the point 0 w.r.t. the three conics S, £„ S t , we readily realise 
that the line L must intersect the three conics in (three) pairs of 
points, forming an involution of which the two foci (or double 
points) P, d^re the two points where L cuts M, N respectively. 



Because the polar of P w. r. t. any of the three conics ( S , S lt S t ) goes 
through both 0 and d> and the polar of Q similarly goes through 
both 0 and P and the polar of 0 (viz., L) goes through P, Q,, we 
are squarely led to the following proposition* :— 

The cognate sex tactic conics ( S , S x , S u ), attaching to any of the nine 
points of inflexion of a bicursal cubic , possess a common self-conjugate triangle 
whose sides are the three line-constituents of the degenerate Jacobian (S, S„ SJ. 

In Sec. II we shall discuss, among other things, certain novel 
geometrical properties of the line-pair (Af, M). 

Section II 

. (Harmonic polars and other special tangents of the Cayleyan). 

Art. 4. If we now look back upon Art. 2 and adhere to the 
same notations and conventions, we may, as before, represent a given 
bicursal cubic T in the Cartesian form 

Sy — ** ... (I) 

* It may be Incidentally remarlcei that the proposition proved above is but 
a particular phase of a more general proposition, proved by me in my paper on 
“denies qf double osculation* of a cubic.** The method, adopted in that paper, is 
general, whereas the method outlined as above, is rather special, fitting In with 
the restricted case. 
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provided that one of the points of inflexion of I* is taken as the 
origin 0 and the tangent to 1' at 0 is taken as the axis (y = 0) 
and one of the three tangents (say, Oct) that can be drawn from 
0 to T is taken as the axis (*=0), and the osculating (i.c., six-pointic) 
conic of T at the point of contact ct of this tangent is taken in 
the form : 

SsBax*+2hxy+by i -\-2gx+2fy+c-0, (A^bc-f^O). . . . (II) 



Fig. 3 

Harmonic polar (gx+Jy+c=*Q) 

Since the harmonic polar L of the inflexion 0 is 

gx+fj+c=Q, 

the point K t where L meets the inflexional tangent O’—0), is 

(- 7 *°)’ 

and the polar conic of this point w. r. t. f is easily seen to be 

3c#*— 2Bxy+2Hy*— 0. 

This being the same as (2) of Art. 3, the inevitable conclusion is that 
the line-pair (Af, N), considered in Art. 3, is designable as the 
(degenerate) polar conic of the point K. A part of this result could 
have been anticipated from general considerations. For the polar 
conic of the inflexion 0 being compounded of two lines (viz., the 
inflexional tangent and the harmonic polar L ) crossing each other 
at IT, the polar conic of K must reciprocally be a pair of lines, 
crossing each other at 0, 
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We may now, on the strength of other results proved heretofore, 
summarise our conclusions in the form of a theorem:— 

Theorem A. The 27 sextactic conics of a bicursal cubic £ can bt 
distributed into 9 triads of ‘ cognate * conics , attaching respectively to the 

9points of inflexion {/ r }, (r-1, 2.9). Further the three * cognate * 

(sextactic) conics related to any of the 9 points of inflexion (say, I r ) t possess 
a common self-conjugate triangle , whose sides consist of the harmonic polar 
(L r ) of I r and the two line-constituents of the ( degenerate) polar conic (w. r. t. JT) 
of the point K r (on the Hessian ), conjugate to I r . 

Relying upon the known lemma that the system of polar conics 
(w. r. t. a given bicursal cubic T) of the oo 1 points, situated on a given 
right line (say, a) form a ‘ pencil ’, whose four common points are the 
(four) poles of we promptly perceive, on referring to Fig. 3, that 
the four poles of the inflexional tangent OK are the four points 
of intersection of the two line-pairs : 

(OK, L) and (M,N). 

Hence the four poles of OK consist of 
0 (counted twice), 
and P, Q, (each counted once). 

We may accordingly enunciate Theorem A in the following 
modified form:— 

Theorem B. The 27 sextactic conics of a bicursal cubic £ can be 
divided into 9 triads of * cognate * conics , attaching respectively to the 9 points 
of inflexion {/ r }. Furthermore the three ‘ cognate ’ (sextactic) conics of the 
triad related to any particular point of inflexion (I r ) admit of a common self¬ 
conjugate triangle, whose vertices are the three distinct poles of the (inflexional) 
tangent to £ at I r . 

Art . 5. Referring again to Fig. 3 we notice that 0, A* being 
a pair of *conjugate poles* on the Hessian F, the joining line OK must 
be a tangent to the Gayleyan (o). Besides, each of the two lines M, Ft 
(*•*•> 0P t OQj) must be a tangent to o, seeing that the two lines, 
taken together, constitute a degenerate polar conic of £ (Art. 4). Thus 
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OP , OQ and OK must all touch n Now n must be a curve of the 
third class and sixth degree, for T is a bicursal cubic. So we have in 
a way ascertained all the three tangents (viz., OP, OQ,, OK) that can 
possibly be drawn from the point 0 to the clast-cubic f. 

If we now look for the actual points of contact (with n) of the 
tangents OP, OQ, OK as also L, we have to bank upon the following 
wlel-known lemmas* of Higher Plane Curves, viz., 

(i) that, if Y, 8 be a pair of conjugate poles on the Hessian F 
of a (bicursal) cubic T, the foui points of contact, (with 
the Cayleyan o) of the two line-pairs, representing the 
degenerate polar tonics of Y, b will lie on a right line 
(say, 2) ; and 

(it) that the line-pair (2, Yb) constitutes the degenerate 
polar conic ot the third centre of the quadrangle, 
formed by the four poles of the line Yb (the 
other two centres being, of course, the points Y, b them¬ 
selves). 

What is needed now is to apply the two lemmas (i) and (it) 
to the special pair of ‘ conjugate poles ' (on F), viz., 0 and K. 

In the concluding portion of the previous article it has been 
shewn that the quadrangle, made up of the four poles of the line OK 
reduces practically to a triangle viz., OPQ so that the three centres 
of this degenerate quadrangle consist of 

0 (counted twice) and K 

Consequently, the third centre of the quadrangle—as contemplat¬ 
ed in lemma (ii)—is none other than the point of inflexion 0, whose 
(degenerate) polar conic is the line-pair (OK, L), 


*VideBa**et'»‘C«W« end Quartki ' (1st edition) Art. 119 (Ch. V), 



134 


Harjdas Baochi 



Hence the line of collinearity—as guaranteed by lemma (i)—of 
the four point* of contact (with n) of the four lines 

OP, OQ, (OK) and L ... (I) 

is the right line L. Palpably, then, the actual points of contact of 
these lines (with n) axe respectively 

P,d,K and R, ... (II) 

the last-named point R, being, of course, a cusp (of o), the tangent 
where at is the harmonic polar L. The adjoining fig. 4 gives a rough 
idea of the configuration of the several points and lines, that figure in 
the above discussion. 

Apropos of this, it may be remarked that, being an order-sextic 
0 must cut an arbitrary right line—not excepting L —at six points 
(real or imaginarv). What has been proved heretofore indirectly 
amounts to saying that the six points qf intersection of the harmonic polar L with 
theCayleyan consist qf the cusp R (counted thrice) and the three simple points P,Q 
and K. It is scarcely necessary to add that similar properties must 
hold in respect of the hexad of intersections of the Cayleyan o with each 
of the remaining eight harmonic polars. 

Now according to a well-known lemma, the line OJT touches the 
Hessian f at the point K, so that P and n touch each other at K, the 
common tangent thereat being OK. Inasmuch as each of the three 
sides of the triangle OPQ, touches q (the three points of contact being 
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located on the side PQ), we may, in a special tense , speak of OPQ, as a 
triangle, circumscribed about n. Hence we are justified in re-stating 
Theorem A or Theorem B in the following alternative form:— 

Theorem C. The 27 sextncttc conics of a bicursal cubic T can be arranged 
mto 9 distinct triads, associated respectively with the 9 inflexions of the type {/„}. 
Further the three *cognate' (sextactic) conics, belonging to each of these triads, 
hostess a self-conjugate triangle, circumscribed about the Cayleyan. 




STUDIES IN THE OPTIC 4L ROTATION OF ABIETIC ACID. 

Part I Optical rotation in cyclohexane and its derivatives. 

S P. Mitra 

(dEPARIMLNI OF CHI MIS TRY, UNIVERSITY OF ALLAHABAD.) 

(Rccciscd on July 7, 1^49 ) 

The work on the chemistry of rosin dates back to 1826 when 
Baupe 1 first showed that it contained crystallizable acids. A large 
amount of work has since been published on the rosin acids and on 
their relation to the original composition of rosin. Acids of different 
physical properties have been isolated by different investigators and 
variously named abietic, pimaiic, sylvic, sapinic etc. The empirical 
formula of these acids were first determined as C^HaoOj by Tramms- 
dorf*. Kcmner 8 found that the chief constituent of French rosin is 
pimaric acid whereas th'* chief constituent of American rosin is abietic 
acid. Mitra and Ghatak 4 and Rau and Simonsen® have established 
that abietic acid is the chief constituent of Indian rosin from Pinus 
longifolia. The physical properties of abietic acid depend upon the 
method of preparation and purification but the chemical properties 
are independent of the same 0 . 

Abietic acid was prepared from the best quality Water White 
rosin from Pinus longifolia from Jallo Rosin & Turpentine Factory, 
Lahore, by distillation in super-heated steam 4 . Great care was taken 
to use freshly powdered sample ofrosin. for powdered rosin on storage 
gets oxidised. 

M. P. 160-63°C 

Anal: Calculated for C^H^O, C—79*47 H 9*93. 

Found C—79*02 H—10*22, 
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The acid was stored as sodium tetra-abietate and was regenerated as 
needed from the salt. 


Paul Drudc 7 gave a general equation for rotatory dispersion 


Each term of the summation has two constants, A'(rotation constant) 
and Ao a (Dispersion constant;. 


Rotatory dispersion may be classified as “Simple” or “Complex” 
accordingly as they can or cannot, be expressed by Drude’s one term 
equation 


W- 


K 

- Xo r 


The abietic acid isolated from Indian rosin was found to obey 
the simple dispersion formula exactly in solutions in cyclohexane and 
its derivatives. 


Very pure samples of solvents were used in these experiments 
and the solvents were further purified by distillation. Exact straight 
lines were obtained (Fig. 1.) when J/[a] was plotted against X a . This is 
a sufficient proof of the rotatory dispersion being simple. But more 
stringent numerical tests have been applied and the values are recorded 
in tables 2 and 3. The difference between the observed rotatory 
power (o) and that calculated (c) from the dispersion equation are 
within the limits ot experimental error allowed in such measurements. 


Generally the deviations lie between ± 0*03° but for Hg MU a 
difficult line to read, this difference lies between ±0*09°. 

The specific rotatory power of abietic acid for Hg 4an in 
different solvents are given in table 1. 


The influence of the solvent on the rotation of an optically active 
substance has been the subject of repeated investigations, Walden* 
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established that there exists a connection between the osmotically 
determined molecular size and of the active solute and its rotation in 
the same solvent. Tlic relationship between the degree of association 
and the rotation is not, however, revealed in a simple parallelism but 
each constituent of the solution exercises a constitutive influence on 
the value of rotation. Nernst 0 and Meldrum and Turner 10 showed 
that the dielectric constant of the solvent was the controlling factor on 
optical rotation apart from any chemical action. 
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TabU 1 


Solvent 

Dielectric 

constant 

[<Y 

l Jwei 

K 

A°.U 

Dispersion 

ratio 

* 485 » 

*8461 

1. Cyclohexane 

2 05 

—21-46 

514 

2429 

1*831 

2. Methyl cyclohexane 

210 

-18-22 

4 34 

2436 

1-825 

3. Cyclohexanol 

15*00 

- 62-04 

14 86 

2426 

1-829 

4. Methyl cyclohexanol 

• 

—61-28 

14 69 

2419 

1 825 

5 Cyclohexanyl acetate 

• • 

—49 10 

11*75 

2429 

1-826 

6. Methyl cyclohexanyl 
acetrte 

1 

—44-95 

i 

10-7o 

2431 

1-829 

7. Cyclohexanone 

J8*20 1 

—66 0 7 

15-79 

2429 

1 826 

8. Methyl cyclohexanone 

! 

61-97 

14 88 

2410 

1-817 


Rule 11 found that an increase in polarity of the solvent decreases 
the rotatory power, although for some optically active compounds the 
reverse occur. 

According to Debye dipole association occurs between the polar 
molecules. When association of this kind occurs between a dipole in 
the optically active solute and another in the solvent, the field of 
force within the active molecules will be weakened and the contri¬ 
bution of the dipolar radical to the total optical activity of the 
molecule will be reduced. The more powerful the dipoles in the 
solvent,' the greater will be the degree of dipole association between 
the solute and the solvent and the greater the observed change in 
optical rotation. With weakly polar solvents, solvation may lead to a 
tendency for the solvent dipoles to become loosely oriented towards the 
solute molecules giving rise to minor effects of the same kind. 









Temperature - 25"C 


Solvent 


Cyclohexane Methyl cydohex 


Concentration gram*/100 y 


2 4424 


2 4420 


Calcul ted 



5 141 

“A'—0 05900 
0 2429 


4 346 

A*»-0 05934 
0 2436 


line A 

Ob* [oj 

Cal [«] 

Dift 
o c 

Ob»[ ff ] 

Cal r«i 

Hg 4358 

-39 30 

-3‘ 2> 

+0 05 

-33 26 

33 23 

Li 4603 

33 64 

33 66 

~00> 

28 52 

98 51 | 

Cd 4678 

32 It 

32 1j 

-0 01 

27 2b 

27 23 

Cd 4800 

30 03 

30 00 

+0 03 

25 37 

25 41 

Cd 5086 

25 76 

25 74 

+0 02 

21 84 

21 79 

Cu 5106 

25 53 

25 49 

+0 04 

21 55 

21 58 

Cu 5153 

24 00 

24*88 

+0 02 

2108 

21 07 

Cu 5219 

2411 

24 09 

+0 02 

20 44 

20 39 

Hg 5461 

21 46 

21 49 

-0 03 

18 22 

1819 

Cu 5700 

19 35 

19 33 

+0 02 

16 32 

16 36 

Hg 5780 

18 72 

18 69 1 

+C 03 

15 80 

15*81 

Na 5893 

17 88 

17 85 | 

+0 03 

15 06 

15 09 

Li 6104 

1640 

16 41 

-0 01 

13 90 | 

13 87 

Cd 6438 

1450 

14 47 

4003 

12 30 

12 24 

Li 6708 

13 11 

13 15 

-0 04 

11 12 

11 13 


Nomut rotation 

No mutarotat 
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The sequence of decreasing rotatory power of abietic acid in 
cyclohexane and its derivatives are as follows : Cyclohexanone > 
Methyl cyclohexanone > Gyclohexanol > Methyl cyclohexanol > 
Cyclohexanyl acetate > Methyl cyclohexanyl acetate > Cyclohexane > 
Methyl cyclohexane. 


The sequence of decreasing or increasing rotatory power does not 
run strictly parallel with that of the dielectric constants of the solvents. 
In spite of this some parallelism can be tracted between the rotatory 
power of abietic acid and the dielectric constants of the solvents in 
which the rotatory power is determined. 


The above mentioned sequence of decreasing rotatory power in 
different solvents are derived from the rotatory power data for 
Hga 4 ox (Table 1). The choice of this wavelength is purely arbitrary. 
The same sequence was found to hold good for abietic acid with other 
wavelengths. But this is not true for all optically active substances 
It is, therefore, necessary for any strict comparison of rotatory power 
of a series of compounds that the effects of dispersion should be elimi¬ 
nated. This elimination is neither very easy nor very safe when the 
dispersion is complex, but whenalinear relation is found to hold good as 
in this case, the extrapolation is both simple and accurate. In this case 
when the simple dispersion formula holds good, the effects of dispersion 
can be eliminated completely by using the rotation constant K of the 
one term equation of Drude as a measure of the absolute rotatory power 
of the medium. It refers to a wavelength X where x # — Xo*“ 1 square 
micron and is not much greater than 10,000 A. U. The longest observed 
wavelength in these measurements Li and an extrapolation from 
it to about 10,000 A.U. is easily permissible in view of the linear nature 
of the dispersion equations obtained from these measurements. Hence 
the values of IT, the rotation constant as a measure of the absolute 
rotatory power of the substance are given in table 1. It would be 
found that the sequence of rotation constant K is the same as the 
optical rotation. 
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A 0 a , the dispersion constant in the Drude’s equation represents the 
square of the wavelength of the dominant absorption band controlling 
the optical rotation. 

Pickard and Hunter 19 found that the lotatory dispersion of 
</-Y — nonyl nitrite could be expressed by the equation 

0-76 0*43 

A 9 — 0*135 A a • 

The dispetsion constant Ao*“ 0*135 corresponds with a charac¬ 
teristic wavelength Ao — 3680A. U. Direct measurements of absorption 
revealed a maximum at 3670 to 3720 A. U. in good agreement with the 
wavelength deduced from measurements of rotatory dispersion. It, 
thus, appears that the characteristic absorption bands which rotatory 
dispersion equations predict have a real existence 

The characteristic absotption band Ao for abietic acid in different 
solvents as obtained from measuiements of rotatory dispersion are 
given in table 1 . 

The structure I was assigned to abietic acid from a study of the 
oxidation products but Ruzicka, Sternbach and Jeger 13 produced the 
mqst unequivocal chemical evidence for structure II which is now 
generally accepted. 



Confirmatory evidence for structure II is supplied by Woodward's 
calculations 14 of the absorption spectra for normal conjugated dienes 
(the double bonds not lying in one ring). Amo* (calculated) for struc- 
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ture II is 2420^5 A. U. and X max for abietic acid observed by different 
workers by actual measurements of absorption arc given below. 

Kraft 15 ... ... ... 2375 A. U. 

Harris & Sanderson 10 ... ... 2410 A. U. 

Sanderman 17 .. ... ... 2400 A. U. 

The values of absorption maxima obtained from rotatory disper¬ 
sion measurements are found to be in very good agreement with the 
values obtained by actual measurement of absorption and with that 
calculated by Woodward’s method. 

The dispersion ratio is found to remain constant at 1*826. 

It has been first observed by Dupont, Rouin and Dubourg 18 
that the specific rotation of the rosin acids depend not only on the 
solvent used but also on the concentration in the solvent. Georgi 1 ® 
also observed the same phenomena. More systematic work on this 
point was undertaken in this laboratory and the result obtained for the 
rotation of abietic acid in different solvents are represented graphically 
in Figures II, III & IV. All the rotations measuied are for Hg^ 
at 25°C. 

It is well known that most organic acids like benzoic acid are 
very strongly associated even in a dilute solution. It has been found 
that the electronegative group COOH confers the power of associa¬ 
tion to organic acids. Dupont, Rouin and Dubourg 15 have fouiia from 
cryoscopic measurements that abietic acid is associated in alcohols. 
Moreover alcohols have been found to be the best associating solvent. 
They are themselves associated in solutions and when they act as 
solvents have the power of influencing the associating power of organic 
acids dissolved in them although this effect is least with alcohols as com¬ 
pared with other associating solvent. Moreover, combination between 
solute and solvent also take place which has the effect of reducing the 
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CONCENTRATION IN GRAMS PER 100 CX SOLUTION 

Fig-II 
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amount of free solvent thereby concentrating the solution leading to 
a change in optical rotation. The results obtained for the optical 
rotation of abietic acid can easily be explained on the above basis of 
association and compound formation and subsequent dissociation of the 
complex molecules. With Cyclohexane, Methyl Cyclohexane Cyclo¬ 
hexanone Methyl cyclohexanone, Cyclohexanyl acetate, Methyl cyilo- 
hexanyl acetate there is a gradual increase of specific rotation with 
increasing concentration. But with cyclohexanol and Methyl cyclo- 
hexanol there is a gradual increase of specific rotation with increasing 
concentration up to a certain limit beyond which the specific rotation 
decreases. This point corresponds where the dissociation of complex 
molecules between solute and and solvent begins. 
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Introduction 

Absorption measurements in liquids have generally been made 
at frequencies ranging from 4 to 15 megacycles where the absorption 
is fairly large. We have studied the absorption in Benzene, carbon- 
, tetra-chloride, transformer oil and acetic acid at 1*46 and 4 megacycles 
^Cfh the help of an Ultrasonic Interferometer. 

It is well known that when elastic waves travel in a liquid 
medium, an attenuation is produced due to viscosity and heat conduc¬ 
tion which has been worked out by Stokes (1845) and Kirchoff (1868). 
Value of attenuation coefficient ranging from 1500 to 3 times the 
calculated values have been observed [Willard (1941) Pellam (1946)] 
in some unassociated liquids in the range from 4 to 15 megacycles but 
attenuation coefficient is found to be strictly proportional’ to the 
square of the frequency in agreement with the formula of Stokes and 
Kirchoff. In highly viscous liquids Hunter (1941) finds that the observed 
value of attenuation coefficient is the same as the calculated one. 

It may be stated that Stokes and Kirchoff’s formula becomes 
interieromee in the neighbourhood of absorption frequency although 
tance of the reflector t 
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it remains true for frequencies much larger than the absorption 
frequency. 

We have verified these results for frequencies 1*46 and 4 Mcs. where 
the absorption is low and difficult to be measured. Transformer oil 
which has been studied for the first time is fairly viscous liquid (^-»’051) 
and we have been able to verify the results given by Hunter. For Acetic 
Acid our results agree with those obtained from the theoretical curve 
of a/W against N, where JV is the frequency of the sound wave, given by 
Pinkerton (1948). 

Description and Working of the Apparatus 

A quartz plate which is driven by an alternating e.m f. of con¬ 
stant amplitude acts as a source of sound and is placed in the lower por¬ 
tion of a cylindrical vessel in such a way that its radiating face is para¬ 
llel and opposite to a movable reflector which can be moved by means of 
a micrometer screw. As the reflector is moved towards or away from 
the source, the current in the standard circuit to which the crystal plate 
is connected in parallel shows periodic changes which are easily meas¬ 
urable with a thermocouple meter. At resonance points the meter shows 
sharp peaks situated one-half acoustic wavelength apart. As the 
frequency can be determined with the help of hetrodyne wavemeter, 
the t velocity of sound becomes known. The absorption coefficient is 
determined from the decrement of the reaction. 

The chamber wall is a section of brass'tubing 1/16' thick, 4' in 
diameter and 10 ' high. The crystal support and the micrometer 
screw with its attached reflector were made a part of the upper plate 
in order that careful alignment of the crystal and reflector could 
be igade before it was placed in the chamber. 

' The crystal mounting as shown in (Fig. 1) was designed to hold 
the Crystal in place with a minimum of mechanical friction tT its oscilla¬ 
tion* and to provide an insulated support for leading the r* ** 
fifcqfiency driving voltage to die lower surface of {h* '"♦vital. 
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The lower electrode which consists of a plane rectangular brass 
strip rests in a ebonite cavity and soldered to the lead in the middle. 
The upper electrode is earthed. The whole mounting is provided with 
three levelling screws to maintain parallelism between upper surface 
of the crystal and the reflector. 



The driving frequency stabilised oscillator, buffer amplifier and 
the resonance circuits as shown in (Fig. 2) are the standard ones. 
The oscillator is a frequency stabilised crystal-controlled oscillator. 
The amplifier is a radio frequency tuned plate amplifier the input of 
which is coupled to the tank circuit through a condenser of *001 fdd. 
The advantage of having a buffer amplifier in between the oscillator 
and the interferometer is the reduction of the effects of load variations 
on the frequency of the oscillator. The power at which absorption is 
to be studied can be studied at will by varying the coupling be|ween 
the resonance circuit and the output of the amplifier. 

A series of observations recording maxima and minima of current 
for various positions of the reflector as it is moved away from the source 
are taken. Let cm (if I) where ‘s’ is the value of current in the output 
resonance circqjt and / is the maximum value of *»* at resonance with 
interferometer disconnected. A curve is plotted between a and the dis¬ 
tance of the reflector from the source. The curve shows a series of 
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*v 

values of <r mm situated one-half acoustic wavelength apart. The. 
attenuation coefficient a may be calculated from the relation given by 
Fox (1937) between the values of r and o mfn 

ra « - . -hconst, (1) 

where a is the attenuation coefficient and c and s are in ter ferrometer 
constants which can be determined. Plotting o mm /(1 —O against r 
we get a st. line whose slope gives the value of a. 




The value of a mm depends upon the paiallelism between crystal 
and the reflector. It may be argued that since we arc measuring very 
small distances of the order *005 cm, a lack of parallelism between the 
crystal and the reflector due to motion of the latter will introduce errors 
in the value of o mm) To check the source of error due to this cause 
we have obtained the values of current for any position of the reflector 
for serveral independent settings. These are given in Table 1 and it 
may be seen that the maximum variation in the current does not 
exceed *7%. We have therefore taken the mean for several such obser¬ 
vations to obtain the value of V. o mm has been (fig. 3a) obtained by 
plotting a ( ijl) and r. The minimas are quite sharp. The points on 

th$ curve between — and r foil almost on a st. line as shown in 

f * 1 *"" °mm 

Fi£. (3b). This also shows that the error due to lack of parallelism 
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as the reflector is moved is negligible small. Table 1 gives the obser 
rations for Benzene. 


BENZENE 
FREQUENCY 1441 





n M h ot a 



Wg.3(*) 
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Table I 

Least count of micrometer screw *0002 cm. 

V current at minimas 

V distance of the reflector from the crystal. 



The following table shows the values of absorption as well as the 
velocity of sound waves eperimentally obtained in Benzene, carbon- 
tetrachloride, transformer oil and Acetic Acid at 1*46 and 4 Mcs. with 
the help of formula (1). The wavelength has been measured as the 
distances between two successive minimas. 
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Table 2 







1- 


TaGes 





A 


1 o/n*X 

Velo- 

ofa/N* 


Liquid 

Freq. 

Temp. 

Measur- 

a (Cm -1 ) 


city 

obtain- 

Reference 



ed 

1 See* 

metre/ 

ed by 






1 

| cm* 1 

Sec 

others 


Benzene 

l-46Mc. 

23°C 

•0904 



1320 

923 at 

Gregg (1941) 




cm 




207 








Me. 


» 

4Mcs. 

23-2°C 

•0905 

•15 

937 

1321 

863 at 

Baumgardt 


! 


cm 





(1937) 

Carbon- 








tetra- 

l*46McJ 

23-6‘ , C 

•0635 

•on 

507 

928 



chloride 



cm 




i 


SI 

4 Mcs. 

24°C 

•0637 

•083 

520 

980 

553 at 1 

Willard 




cm 




4*4 Md 

(1941) 

Trans¬ 

former 

l-46Mc. 

23-4°C 

•0879 

0021 

104 

1284 



oil 



cm 






»» 

4 Mcs. 

23*2°C 

•0880 

•0169 

106 

1286 






cm 






Acetic 







extra- 

Pinketron 

Acid 

l*46McJ 

23°C 

•0843 

•16 

7619 

1231 

polated 

(1948) 


i 1 

1 

cm 

| 




2240 at 

Pinkerton 

ft 

4 Mcs. 23‘3°C 

1 

1 -0858 

34 


1253 


(1948) 


Benzene has been worked by several workers namely Gregg 
(1941), Baumgardt (1937). Glaeys Err era & Sack (1936), Rieckmann 
(1939), Bazulin (1937) Lindberg (1940), and Pellam and Galt (1946). 
The values of (a/JV) x 10 17 for Benzene obtained by different workers vary 
from 800-1157, although a large number of them have found a value in 
the neighbourhood, of 920. As no frquency effect on absorption can 
be expected at such low frequencies, this difference appears to be due 
to impurity of Benzene and experimental errors. The values' of a/bf* 
quoetd in the last column have been chosen because the author worked 
close to die frequencies used by us. 


For carbon-tetra-chloride, Biquard (1935) and Pellam (1940) 
give a value close to 530 while Willard gives a value of 970 and 
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M 

Parthasarthy—421, 492. 632. Our value it close to Biquard and 
Pellam. 

Transformer oil has not been worked out previously. 

Acetic Acid has been studied by Bazulin (1935*37) and Pinkerton 
(1948) at several frequencies varying from 4 Mcs. to 15 Mcs. and 
they have plotted a curve between a/JV and log JV(Fig. 4) where N is 
the frequency of the sound wave. The curve is almost a st. line in the 
region 30 Mcs. to 100 Mcs, the value of (o/A/ 1 ) x 10 17 being 160. For 
frequencies below 30 Mcs. t e value shoots up, being 400 at 15 Mcs, 
600 at 10 Mcs., 1000 at 7 Mcs., and 2240 at 4 Mcs. They have further 
extrapolated the curve below 4 Mcs. by using the formula of 
Kneser (1938) and thus they show that there is an absorption 
frequency close to 2 Mcs. Our value of (o/.V*) x 10 17 at 4 Mcs. agrees 
with their experimental values as obtained from their experimental 
curve. Hie value at 1*46 Me. obtained by us also agree with the 
value obtained from their extrapolated curve. 

Using the Stokes’ and Kirchoff’s formula we have calculated the 
value of (a/JV*) x 10 17 for transformer oil. It comes out to be 96 in 
good agreement with our observed value. Thu shows that the 
viscosity effect is most predominant in sound absorption in transformer 
oil and that the Stoke’s formula holds good for viscous substances 
(**-•051) 
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Some eleven years ago the author published a paper (1) (1938) 
under the above heading; since then considerable amount of experi¬ 
mental analysis of the tone quality in different registers has appeared. 
These results combined with Miller’s Classical work (2) (1926) have 
enabled the author to check the theory, and the present paper gives 
an account of the theoretical work in the light of the experimental 
work. Considerable light is thrown on the performance of the reed 
with regard to the tone quality and the presence of even harmonics. 
We assume as before a uniform of the air chamber, length l, radius 
a, and neglect radial vibrations in the pipe. We represent the solu¬ 
tion of the wave equation for plane waves for excess pressure p by 
Heaviside’s method at any point x measured from the mouth as 


A~iisi n h'*+*iCosh ~x 


(1) 


where «r— tj ; c velocity of sound. The particle \clocily u is given 
at 


dx 


by vpu ■■ 

i.e. m—-'■-^ jifccosh ~ x+ w sinh-£*j. 

Hence at x —0, p — *ia* an d u “—w l c P 


( 2 ) 


and, 




cp < 


f tfesinh ~ /-f ij| cosh 


Hi cosh J /+ij* ainh ^ 

where and u v represent the pressure and particle velocity at x— 1 
die open end. The impedance due to the waves that spread out in 
the open atmosphere is represented for small values of ka where 
k««2*/A—the where A is the wave length, 

, 
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Z-c P {R+jX] ... (4) 

R-h*a*i2\ X-8ka/3w 

Writing R’ for (R+jX) for the sake of brevity we find 
R' sin h- Z+cosh ~ Z 

3---:-— ... (5) 

/2'cosh-Z+sinh - Z 
c c 

on equating (3) and (4). The flow velocity u through the chink in the 
reed will be given by 

. u - K {P-P){y+Js) • • • (6) 

where P is the blowing pressure, p the pressure in the month; 
represents a permanent displacement of the reed; this represents a 
permanent opening, and y the varibale displacement measured 
positively outwards; if—conductivity of the opening. K will have 
the dimensions of [LTjM), and is supposed to be small. A complete 
solution of (5) in combination with (6) is very difficult, at the first 
instance we neglectj in (6) in comparison with^» 0 we assume y to be 
small with respect to y» then on substituting the values of p and u 
from (2) we get 

— vhz *“^ > — vt> *'-A>o 

« A Cp 

And substituting the value of from (5) we gtt 

h vs- r p 

, ZZ'sinh - Z-fcosh - Z 

- 1+ , t i • 

^ R ' cosh 9 Z+sinh 9 l 

c c 


This represents Heaviside's solution, aqd it will be interpreie 1 
by the expansion theorem, according to which i» will be given by 

$s| + 2.jr V(a> 


m - 1 , z(.> 


j A'sinh */-fco*h 

1+ ^je'cosh?Z+sinh 

c 


w 
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and Z'{?\) ®fc being the roots of 

. /?'sinh a /+cosh-/ 

i f j _£_I_ i 

^"^P'coshV+sinh °l 
c c 

Two cases arise (1) if A*' is large i. c , the mouth is wide open, then we 
get the imaginary roots 

. co(/-l-u) « 

c 

where tan this gi\ es to/'/r tm , wheic m is any integer, and 

/'«(/+«). 


If K' is small then we find cos {tal'jc) =0 

i.e. o)Z'/c= , m being an odd integer, and x m =»4 l/m. 

We write R-\-jX l^m'+jajn 

a = (4a/3/) 

where a is the radius 

of the pipe. This holds good for small \alues of ka< 1 

/ - {y<i—APtMn l ), Q°-Kcp. 

Hence p - PQ, [«S 0 + a J m )y ,J ry +^jr 

», *=-irc/2/' (11) 

£ 0 represents the sum of a finite number of terms in m*. This sum 
will have small value. In order to determine.? we observe that the 
equation of motion of the reed 

s where A effective surface of the reed, and Af its effective mass jt/2* 


redresents its natural frequency. 


Hence y 



where mAPQJM . substituting this value of y in (11) we get 


(12) 
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W 


(ii^yr mV m * 1< _ _____ 

/ ‘^'jwc9 1 (n*—/(Dj ^(n*— 




+ 




weak even 


harmonics- 

where it is assumed n^QcOj, «Sj represents the sum of all the possible 
terms that are not periodic. The terms containing |3* may be neg¬ 
lected. Similarly in the cosine series the terms containing (a*— 
in the denominator where n^m(o x , will Lc important and have to be 
retained and the rest may be neglected. Thus finally wc shall have 
* nnfc- i cosmos , ryVsintna),/ 

P-PQ.[S 1 + ! 2 


—weak even harmonics— 


QjC*y e 101 *' 1 1 

97 


It will be noticed that the coupling of the chink thiough which air is 
blown at a constant pressure with the aii column is sufficient to 
maintain the vibration of the air column. In the case of a vibrating 
reed having a very high natural frequcucy of vibration it does help 


in the manner expressed by the term This meansthatat 

the initial stage the compressional wave starts with the chink partially 
widened and when it reaches lback after reflection from the open end 
as rarefaction, the reed has performed four and a half vibration and 
it has a negative displacement i.e., towards the fiat table closing the 
chink partially, This helps the reflection of the rarefaction frqm the 
partially closed end; at this instant the coupling of the mouth piece 
with the vibrating air column has suddenly altered the pressure to a 
negative value. When the rarefaction reaches back as compression 
after reflection from the open end, the reed has performed another 
fouf and a half vibration, and at the instant the reed has positive 
displacement i.e., the chink is widened. The widening of the ciy P ir 
allows more air to enter the mouth piece and the compressional pre¬ 
ssure is increa^d. It will be noticed that the reed performs forced 
Vibration at a frequency and in order to fnaintaip t)jc 



163 


Theory of the Clarionet 

\ ibration, this condition has to be realised. The reed has only one 
natural frequency on account of its chiseled shape. In practice the 
musicians adjust the frequency with care so that the frequency of 
teed is in agreement with some odd component of the clarionet. 


The flow of air is obtained easily from the results that 

R 

«=» p = - p 

Since we sum only upto 01 =■ 1, the summation will not give us infinitely 
large value It will be noticed that the second term will vanish in the 
absence of vibration of the reed, and then the 
c oupling term 

( ^—0i*sin mjOit 

£ mtOi 

will remain and will be sufficient to maintain the vibration of the aii 
column The presence of 01 * in the numerator lends to the belief that 
the flow velocity series will become divergent i. e. will give a very 
large value by taking m large Since we sum up to m—1 i.e. 6 terms, 
the presence of the factor 0* does not allow the summation to obtain 
infinitely large value for the sum. These results hold good as long 
as ka< 1. when ka^l then z in (4) will be more complex, and all our 
formulae will fail to represent the true facts. In actual practice 
harmonics up to 01 —11, have been analysed and for pipes of small 
bore &a<l, and then the summatian of the important terms will give 
a small finite value. 


The effect of vibration of the reed is mainly upen the) quality of 
the note. It will be noticed that in the absence of vibration of the 
need, the pressure changes will pracdcally be given by 4 the sum 
' 2 sin 0 t aSjf/ 0 t (Dj. This summation will give nearly a constant positive 
pressure with small fluctuations when six or seven terms are consider* 
ed in the summation viz from m 1 to m 11, over a half cycle, and 
then suddenly changes to a negative value with similar fluctuations. 
A 1 the epd of the complete cycle, the pressure again rises suddenly 
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to a positive value. These changes are practically discontinuous. 
But the vibration of the reed through the terms 

2 cos m 03^ 

(n*—m 1 ©! 1 ) 

introduces larger fluctuations of pressure within the half cycle. The 
near n is to m(o v the greater will be the modulations of pressure and 
hence more of harmonics will elicitednear n~m<a x . In general n is large- 
er say «'~9co 1 j under these circumstances all those odd componentsneai 
9a)! will be excited. It is possible to fix the value of n by adjusting he 
vibrating length of the reed, or by slight alteration of the same by the 
pressure of the lips upon the reed. Thus it will be noticed that jj>layei 
can control the ton quality at pleasure. 

The presence of weak even harmonics or a strong component corres¬ 
ponding to the natural frequency of the reed is easily brought about 
by the product terms which contain an abundance of weak even 
harmonics. Another point to be noticed is the dependence of the 
amplitude of the components on T 

i. e. {r 0 ~APj\l,fi) 



Figure 1 
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Figure 2 









